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MODERN COKING PRACTICE 


CIIAPTKR I 

INTRODUCTORY 

In modern coking practice coal is subjected to closed distilla- 
tion, and in the oven a primary separation of volatile matter 
and solid resalue takes t)lace. The first volume has (iealt 
with the sohd residue, and the object of this second volume is 
to describe the modem method of extracting from the volatile 
mafter the valuable constituents, t<ir, ammonia^ and beiT/ol, 
generally known, collectively, as by-produ(^. 

Though not us>fr^lly classed as a by-product, the surplus 
gas fr«m coke plant is of considerable importance, and a 
consideration thereof is accordingly included in this volume. 

The volatile matter as evolved from the coal^is mixture 
ofifixed gases^.vapours, etc., some of tht^ vapours being readily 
condensed by mere cooling, others being only ccMidensed 
lyider conditions difficult to obtain on a manufacturing scale. 
Some of the latter constituents, however, are sokible in ceitain 
liquids. Other constituents, such as ammonal, on being d'lf 
solved from th>,^ volatile matter, form solTitions capable ^^f 
combinin^^^ with or dissolving other constituents, so that the 
solutions obtained are by no n^eans^nire. ^ 

• *1*11* general the recovery of the by-i)roduct^ deiJcnds.oVi 
two* principles, the first being careful re^gulation of tanpera- 
ture to bring flbout condensation of the bulk of easily cc^- ‘ 
densed products, comlnned with mechanical means for removal 
Df the last traces (^f such products. 

The, second consists in bringing fhe^ gases into intimate. 
coYitac? with^hc various solvents used for removal (jf certain • 
deTniie cc^istituefits. • Tlie^omposition of the by-product^ is 

'•'•vOL*. II. — I 




Tbe diagram is based on actual analyses and yields at a 
by-pnduct coking plant fn wh^,h the coking was carried^out 
at comf)aratively high temperature. The dj^erence between 
the actdal yield and t‘ne yield in the laboratory is m|>idy Tlue 
to‘ decomposition of hydrocarbons fror^ the volatile matter, 
indications bf such decomposition being apparent in the coke. 
The relatively high content of oxygen in tli^ coal, a^id conse- 
‘quent high yield of liquor made is obvious, and in thg ii^stan^e 
^given the^sfnength of the liquor was lower than^the average 
obtalifing in coke plants gencrahy, bift thfe pi^)jiC)rti^n ol 
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Ammoniacal liquor - - - Ammonia. 

Light oil - - • - See Crude benzol. 
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nitrogen converted into ammonia <• was satisfactory.# It# is 
scarce^^ pfbssible to give a distribution oha^rt (tf this nature in 
which all^tl^e items exactly balances However^ the difference , 
in the totals iif diis case was very slight, and the allowance* 
for this loss pro ra(fi vhs of little cSnsequence, e • 

• In the majority of coke plants the by-products are re- 
covered* in their crude state, but the tendency now leans 
towar^ls fr^ctionafion and rectifieation, increasing thereby th(f 
number of products dealt with. The intermediate products 
obtaujed are ^bown in Fig. 2, which likewise indicates theiT- 
final destination. 



CHArTKR II 


COOLING AND CONDENSING PL/^NT 

The gases from a battery of coke ovens or from a seetj^on of 
a battery unite in a collecting main, the individual oven.s*l)eing 
connected by means of an ascension pipe and valve (Fig. 3, A), 



Fig. 3. — Types of Asc^sion Pipes. 

•tTi^ latter being^ the majority of cascs^f the mushroom fype^ 
althougli platg valves are occasionally used. The majority of^ 
pven builders support this collecting main at some distance* 
above the oven top to secure free access of air all round, 
utilisingfthe codling effect of the atmosphere and insulating 
Ae n^inpfrom the heat radiating from Jthe top of the ovens! 
Xhis, however, increa.^.e# j:he length of the staTird-^iipes, and* 
consequ^tly tfie (Tifficulty of clearing them of deposited 
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carbon, an important point in tne’worKing^i a oy-prodsct 
plant. ^ ^ 

In the (:ase pf these lengthencM stand-pi^cs the writef . 
would suggest A division into two portions by means of suit- 
able bends, as shown in Figs. 3, B and o, c. Each ^ortion'^could 
be more easily cleaned, and the lower portion, generally most 
difficult to clean, would be rendered much more accessible. 

The collecting main may he*of the “dry” or “hydraulic 
type. The former consists of an enlarged tube of steel plating 
erected with a ‘‘definite fall from one end to the other. A 
stream of thin tar or liquor is introduced at the higher end ^ 

to assist in clearing deposits 
of thick tar, pitch, etc. The 
washing liquid is run off by 
means of a sca’cc’ overflow, 
so arranged that any solid 
deposit may be conveniently 
raked out and removed. ^ 

In the “ hydraulic” type 
the gas is deflected through 
a seal oF liquor by individ- 
ual dip-pipes (Fig. 25] Vol. 
L), or by a common baffle 
plate extending the whole 
length of the main (Fig. 4). 
These mains should be of 
ample proportions, since irv 
this'pait of the cooling system the wh'ole of the products 
arc presen*- in a heated condition and in va^3our state, tar- 
add water thus swelling the bulk considerably! 

The effect of the latter is especially importar^t in the 
cqking industry, since a very <great proportion of the, doal 
used is washed slack, containing as a rule akout 10 per cpnt 
^of added water. A calculation will show thq^ with* a coal 
c containing 10 per cent, of added water/^the volume of gases 
and vapours to be dealt with in the dry or hydraulic main 
is nearly three times the volume of gas leff after extraction 
bf by-products. In eddition to this, the heat equKal^nt tff 
'the latent <heat of the water va^^^ur is of considerabje 
impoVtance. The condensation ol* this water valour yand 







neutraljsation the effect of the heat thus liberated requires 
the abstraction' of approximately four times the iiuntber of 
heat units to 'oe abstracted in cooling the fixed y.i-^.'s. Con- 
sequently the area of cooliipc^ surface on an average coke 
work':^ by-p/oduct plant ^lould be gfeatyr than the figure 


’ A B • Q, 

p 



Fig. ii. — Atmospheric Coolers. (Tower ly^^e.) 


usuall^igiven^ in gas works practice, and the writer’^ ex[)eri- 
^ene’e suggests that ^n cooling surface calculations an allow-,, 
ance of GO sq. ft. of air-cooling surface in addition to 50 
sq. ft. ofiiwater-GDoled surface per ton of coal per day is the 
fininir/iunl. , “ 

After leaving the cgjlecting main the foul gt»se» arc cooled/ 
in jpecial ^apparatus to a temperature controlled by the type 
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’ * . . / * 

of recovery plant. Thus in ciircct , recovery ^plants a'^coolyig 

down do ^about 80'’ C. is sufficient, b^it at •the same time 
the tcmp«rature must be brought within sh*ar]d 3 jdcfifled limits,^ 
and in these ca|(^ a cooler in which water is the cooling agent* 
^ is sometimes adoptcd%as the temperature is mone easily con- 
t ^ trolled. In the majority 


m of the older plants, and 

— j Y - - ► i n man}'' s e in i - d i r c c t 
— plants in which the gas 

' must be cooled to about 

2 * " * 80’ C., atmospheric 

» coolers are used to bring 

f- down the temperature 

of the hot ga.ses imme- 
I j ^ j , diately aft(^' leaving the 

t I ' I ' I hydraulic main, the final 

cooling being adjusted 
TniTfTrnTTlTTT^^ in condensers of the 

I 1 .^ ^ * 1 ■ water-cooled type. 

' I I I I Atmospheric con- 

I ^ densefs may be of the 

I 3 shown iti l^Yg. 5, 

Consisting of a vertical 
jL cylinder of steel })latc 

^ surrounding a smalls 

J . .. vertical cylinder. The 

^ ^ ^ gas passes through the* 

^ ^ • con1:entric space as 

^ shown. The gas is thus 

; cooled l^y two surfaces, 

an inner and, outer, 

^ Fic. s.— w.iier Conden^^r. ^ whilst cidditional co^Hng 

‘ ‘ effect be obtained 

by spraying water on tfie interior surface. The mner a^Jlinder 
^^lso‘ acts as a chimney, and an upward^urrent of air is thus^ 
generated. ' 


There' is a tendency for the gas to tj»ke the%shortest 
passage from the inlet to the outlet (shown at H),«l^vin^ 
pockets of stagnant gas as indicated by the shaded*portions K. 
It is therefore an advantage to introduce 'a spiral o^e, to 





[’ t'ace 
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lengther\the pasj-mge of tLe gas. A suitable type of seal pot 
for this type of c*Dncl^enser is shown at i). Whilst tl'fts type of 
^tmospher?c condenser is * very efficient aiu) ()cc>ipies little 
ground space, the effect of corrosion is some\V?\at severe, and 
many Tirms prefer a type *of condenser \ihich in principle ^ 
consists of an elongation of the foul gas maiit*in a serpentine 
fashion. One example of this is shown in Fig. 6, in^ which 
the serpentine piping is supported at a fairly consicitK'able 
height. A modification in which the gas is split up into n^any 
parallel streams is .shown in Fig. 7 (special •coolers the 
Coppee type). This has a marked advantage, in that an 
Vndividual .serpentine or nest of such may be shut off for 
cleaning purposes without seriously hampering the How of 
gas through the remainder of the cooler. 

Water condensers are usually of the tubijar type, water 
passing through the tubes, the gases playing round tHein, 
passing in opposite direction to the current of water. The 
tubes may be fitted vertically or horizontally. In the filter 
the tubes are shorter and more easily cleaned, Iftit the con- 
nections, glands, etc., are multiplied. 

The vertical type is shown in Fig. 8. The cooling of the 
gas up^to tins stage brings down Uie bu*lk of the tar, but riierc 
is still present in the gas a small proportion of^tar*in an 
Exceedingly fiije state of division. This tar fog or tar mist 
mu^t be removed Fictionally, either byVashing the gas or by 
an “ impact ” method. 

In the “washing” type a certain proportion ^f ammonia^ 
dis.solved out of the ga^, but as a rule the ])ressure,agaiifst ♦he 
exhauster is relatively high. In principle ,lJhe is sub-* 
divided into man )4 small streams by a [)erforated or serrated 
^late, and ^deflected through a seal of liquor in #me or more 
chamjDers, the depth*bf .seal and ^lumSer of chambers of coarse, 
m|lti^ncing the amount of resistance to |pe overcome by tfle 
exhaustef.v In the impact type of extractor (Fig. 9, Pelouze 
an^ Audouin tar extre^tor, W. C. Holmes & Co.) the gas is 
broken up into innumerable small jets by perforated ^plates, 
each 'jet imp inj|ing»on the cool surface of a plate immediately 
•behind tjieibrmer. The impact cau.scs th^ very fine particles 
of tar to coalc?!^ce, collecting as tangible drops on imj^act 
plate. . The*^as enters by means of a stand-pipe as shown, 
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and js directed throu»^h the series of plates \consislii>g of ^ne, 
two, orAhree pairs) to the upper portion of the. Apparatus. 
This apparatus<als() acts as a governor, helpifig to nnaintain^a 
steady pressure. The druip is balanced by a counterpoise, 
,and in case the ifppcr senes of perforations becomes clogged 
with tar or naphthalene the resistance offered would increase 
the pressure underneath the drum. This would ^cause the 
drui'n to rise, exposing another row of perforations and 



Fig. 9. — Peloute and Audoum Tar Extractor. (W. C. Holmes & Co.) 

^ relibving the pressure. In case the chain holding up theodrum 
were to break, the above makers liave fitted to their mac^hnses 
the relief valves which are opened by contact with .projections 
on the ga,s passages, the gas then hav’ng a free passage toJ.he 
outlet.' In some cases the bell, instead of hanging from a 
vertical rod, is fixed to a horizontal shaft in Fij^ 10 (Mallet 
tar extractor). The bell is slowly revolved t^e \\^)rm^ 
g^ap’ng as shown, and is washed by contact with the tar 
collected. A certain orooortion of natdithalene is dissolved 
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in this planner, <!ncl the apparatus will work for a lqn”cr 
period before it is necessary to clean it by by-passing and 
^^eaming. Fig.'' 11 shows fin appar.itus de'.i^ncd hn similar 
lines to the Mallet, the rotary shaft in this case Being inclined. 
Hav'ing thus ciealt with llie tar, there stil/reiAains ainmotn'a to, 
be dealt with. A large [)roportion of anunoiua has already 
been removed in the air and water coolers,^ and in die tar 
extractor if a “bubble” type is used for tlie latter. 'The 
removal of the last traces of ammonia is carried out on certain 
definite principles, depending imiinly on the solubility of 
ammonia in water. In the first place the temper.iture of the 
water used and of the gas treated must be low, usually not 
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more than IfT C. d'he figures below' show^ the effect o| 
temperature on the .solubility of ammonia m wat'bi : — , 


Tenip(.r,iture. 

OraniN Am . *1011111 y\l)sorbed 

Dog. C. 

by 1 gm- WalcV 

10 

- 070 

'20 

„ - - -odd 

30 

- - - -403 

40 

- ^ - 307 

^,^50 ^ - 

- -200 


•In the second place "ihe amount of water used is important, 
since it serves to dilute the liquor ultimately arriving at the 
^SLilghate^ hopse. A weaker liquor requires a greater con- 
sumption of ^steam in that department,' and if , dilution is 
carried to e.^cess, diffic<ilties^in manipulation of the sulphate 
or coiKentrated lir^uor ‘plant will arise. It is jtherc/'ore 
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obvious that contact between f^as and l/ater myst be as 
cfficicnt*as possible. The efficiency depe^Kls on the mechanical 
means fof ensuring contact and bn the duration of contact. 
Washers of tlie “bubble” type ^mi^ht be used, but the high 
^resistance offered usfially presents too great a cfravvback. 

Water spdtys with suitable precautions may be used, or 
films 'of water induced by centrifugal action.^ Washers 
of this type, whilst occupying less space and being intensive 
in ^action, require mechanical energy either by pumping or 
by e-apid revolution of a shaft and appliances attached. 
Surface contact is largely utilised, and in this case the aim 
of the designer is to secure a material which offers the greatest 
surface in a unit bulk. . 

In the earlier types coke was used, but wooden boards 
set on edge .represent recent [)r<ictice. .Sui'race contact 
apparatus may be divided into two cla.sses, stationary or tower 
scrubbers and rotary scrubbers. Fig. 12 shows a modern 
an;angement of tower scrubbers. These consist of# two 
vertical cylinders A, of cast-iron or steel plating filled with 
packing as shown at B, supported at j^arious points M by 
angle irons or brackets, etc. The packing in tljis c^se con- 
sist of boards, six inches wide, five-eighths of an inch thick, 
set dn etige, and half an inch apart. Alternate layers are 
set at right* angles to each other as shown,^whilst in some 
cases the lower edge Vs serrated to distribute the falling liquid 
more evenly over the succeeding layer. Water is carefully 
distributed c^ver the ‘whole area of the uppermost layer frfim 
the iVain (,: by various devices, such as jets playing on flat 
plates, (jtc. K*is highly important that these jets, etc., be 
'easily accessible for cleaning, as even distrtbution of washing 
liquid is a ’primary es.s^ntial. Gas enters at the base, an<# 
«f^oWs iv Opposite direction to'the liquid. • • 

Tywer scrubben^ should be tall and narrow, rather, thun 
short and wide, to lessen the tendency of* the ^as to take 
a selective path, the height being r4>ughly seven times <he 
diameter. A surface contact scrubber of the rotary type 
is shown in Fig. 13 (“ New” washer scrubber, W.^'. Holmes 
& Co., Huddersfield). The chamber in this case hVizofital, 
andjs dfvided into sections as ;^kowi^. jn e^ch section is 
a circular plate E attached to the main shaft by a c^st-iron 
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bosSj T(J each side of this plate a series of brushes K is fitted 
radially, {Jie brushes forininj^ a (dose fit between tlv^ [I'ates 
N of each section. The is thus compelled to^pnss up- 
wards on one side of the plate, and downwards ,on the other, 
througliPthe interstices of the brushes, j 

These brushes, passing through the li(|uor tM in the lower’ 
portion of the scrubber, are kej)t moistened, and thus the 
condition bf the intimate con- •' 

tact with wett ed surface is secured 
VVaier is fed into the chamber 
at C, and passes through the suc- 
cessive sections b)' means of inlets 


Mp M^, Mp Mp etc., finally leaving 
the scrubber through the seal D 
Thus the washing medium is pass- 
ing in opposite direction to the 
gas, which is thus purified in 
stages, the final washing being 
with the weakest liquid. This 
counter-current prin'ciple is im- 
portant and' is made use of in all 
recent types of scrubbers. Other 
types of rotary scrubbers arc 
worked on the same principle, 
but with different packing mate- 
’ ri^, wooden balls, thin metal 
plates in bundles, or canvas 
screens being used for this pur- 
pose. An example of the centri- 
fugal type of washer is shown in 

Fig- * • , , 

■ ^ TITis example consists of a series of superim{)osed washing 
chambers ‘^4 The washing medium is introduced at it, and 
passes successively tln^ough each chamber. The driving 
shaft is vertical, and is actuated by bevel gearing at n. A 
distributing device-for each chamber is attached to this shaft, 
^h^ device consists of a dish with perforated sides as shown, 
to which is attached a series of pipe bends dipping below 
the sutface of the Ifquo?. Tne revolution of the shaft caiises 
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the bends to scoop up a supply of liqi^or, which is then 
encr^etiGally sprayed by means of the 43erforat|(ons and 
centrifugal action. The liquor i/i thc^forn] of a series of 
films or sheets passes ri^^ht across the intervening space to 
the outer casing ^s at E. The gfas must pass ^hroug^i these 
'films, and if tk^ supply of liquor and the speed of the shaft 
is maintained there is no opportunity of “slip.” 

An kitensive" type of scrubber designed by thh writer is 
shown in Jdg. 15. In this apparatus, which is also suitable 
for'tar extravtoon, the principle of a liquor spray with certain 
modifications is utilised. The use of a spray />er se is by no 
means novel, but the main object of this invention is to bring 
the gas into close proximity to the points of generation of 
the sprays, thus utilising the portion in which the liquid is 
at its highest velocity. P'or this reason tl^c^gas is sub- 
divi'lcd into a series of comparatively narrow concentric 
passages, across which the jets of liquid arc thrown. In this 
apparatus the units (one of which is shown on an enlarged 
scaic/coiv-yst of an inner liquor distributing tube v> ai/d an 
outer controlling tube C. A mere tightening of the cap D 
.secures both tubes in position, and as 6ne end only is con- 
nected with the body of the chamber, the unit as i whole 
is free to expand or contract. The distributing tubes are 
connected to a common chamber M, fed by a pump, and are 
drilled so as to provide any desired number ?)f sprays as at 
K, in addition to the external spray from the c.q) I). The 
^otal area of concentric passages is designed to be ap[)roj^i- 
nptcly equal to the area of the nuttn gas inlet, so as to 
equally disiribuite the gas amongst the several units. The 
action of the washer is as follows. Gas erjters the apparatus 
and passes upwards in the various concentric passages. Here 
it is, cooled Ij-^y contact with the tubes w, all filled with cir- 
culating^ washing liquor, and brought into active contaefwith' 
the liefuid by the mechanical action of the sprays ^at E. On 
reaching the tops of the tubes the g^j,s then enters the space 
K surrounding the external tubes and passes downwards to 
the gas outlet. As this space is also consitrictedt the gas is 
forced into contact with the whole of the exteriej surfacig of 
the controlling tubes c. The sprays in the esrps D and the 
grdoVes F ensure an equal distribution (Vf thfe wa.'^ng mpdium 
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over the surface, so that we obtain here, the conditions of 
good sufface contact, whilst any liquid carried over Mechanic- 
ally from the inner sprays has a^ opportunity oS separating 
from the ga*^. ' The washing medium is run off from ttfe 
outlets N through a^ common seal pot. The Jiquor^and tar 
Trom the vario*’s sections of the by-product plant are usually 
conducted to some type of separator in which the tar sinks 
to the bottom, the ammoniacal liquor remaining 6n the top. 
The products are then run off at different levels or pumped 
intb their respective storage tanks. In handling the ammpni- 
aca^liquor it is advisable to avoid any unnecessary exposure 
to the atmosphere. Some of the overflowing liquor, as f(.r 
instance from the hydraulic main, is at a fairly high tem- 
perature, and the loss due to volatilisation of ammonia is 
appreciable and at times severe. The writer^ has experience 
of d decided advantage in substituting a closed tank for an 
open type of separator. Where it is desirable to have over- 
flows under visual observation, it is advisable to introduce 
spdCi;’' b^nds with faced inspection flanges, which may be 
weighted and hinged to allow of easy access. The question 
is of considerable importance, and has been dealt with at some 
length in the AnnuaK Reports for 1914 and 1 015 'of MV W, S. 
Curphey, Chief Inspector under the Alkali Works Regulation 
Act. The , results of several interesting experiments are 
given, showing the advantage of covering in all seal pots and 
siphons, and the beneficial action of a superficial film of 
mineral oil as a protective layer in liquor storage tanl^s. 
The -eport cilso dejirecatcs the practice of delivering liquor 
•into tanks irom pipes allowing the liquor to fall through the 
,air, and tccommends the lengthening of such pipes so <as to 
seal dhe encls in the liquor. 
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GAS EXHAUSTERS 

THf gas exhauster has been flcscnbcd as the ^leart of a gas 
works, and the title applies with equal force in the caset)f a 
r»odern coke plant. The usual coolers, washers, scrubbers, 
etc., offer, in total, considerable resistance to the passage of 
the gas, and it is the cluty of the gas exhauster to oveicoinc 

this resistance. In some of the more recent ty])es of ammonia 

* • 

recovery plant the gas is forced through a bath of sulphuric 
acid in addition, thus increasing the work of the exhauster. 
By the mechanical assistance of the exhauster the gases and 
vapoTirs, etc., should be conducted from the cokinf^cli^c'.bcr 
as quickly as they are evolved. If the suction due to the 
exhairstcr is not sufficient to remove these gases a pressure in 
the cotdng t:hamber is developed, aiK<l the gases tend to 
“short circuit” themselves, througdi leakages, into the^ side 
flues, the action being intensified by reason t4ic slight 
suetjon in thesC flues. If the oven walls are tight there is 
still the risk of the gases. escaping through the luting of the 
oven doors, and in any case there is a positive loss of gas and^ 
by-products. On the oAher hand too great a sueffon froiji the 
exhauster tends to draw in air through the# luting of the* 
doors^ the effect in bad cases being seen in an ovf;i heated, 
crown of the oven, decomjiosilion of some of the I^y-prodiicts, 
and deterioration in^the quality of the gas. In general it is 
advisable to work the exhauster at such a speed as to*secui^* 
a ^ leC'el g^ige ” at the ovens. 

Various type? of exhausters are used, such as jet ex- 
hausters, positive or rotary exhausters, and centrifugal Uirbo- 
exhausters. The ipt exhauster (Fig. 16, F) has the advantage 
in the ab 5 er^«e of moving parts and in compactness, but it has 
an attendant* disadvantage in the large volume .oi steam 
actual^ intr^e^luced info thC* gas, necessitating condensaftibn 
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and*removal at a*later sta*ge. The suction is built up in a 
series of pozzies ' a, Joeing primarily induced by tlfe steam 
iijtroduced Vt I* and contfolled by the neecye vaK^ D. . A 
sleeve B, regulated externall;^ by the position o^the indicator 
C, serves to cut out or throw into action^a stries of openings 
according to the volume of gas to be dealt ^ith. The gas 
enters at E, is trapped by the expanding jet of steasi, etc., 
and leaves the apparatus as shown. * * . 

The rotary exhausters may be said to have sprung from 
two* early types of machines, the Beale exhalister an(i the 
^oots blower. The Beale type consists of an outer casing 
and an inner drum, the latter serving as an axle to drive 
various forms of blades in such a manner as to sweep through 
the crescent-shaped space between the drum and casing. As 
the blade revolves it forces the gas forward to the pressure 
side and creates a partial vacuum on the suction side. •The 
drum serves two purposes : it drives forward the blades and 
actsiis a non-return valve to prevent gas from the pressure side 
passing back to the suction side. The earliest t)^e“ot the 
Beale exhauster is shown in Fig. 1(1, In this machine the 
slide passing through the axle B, wa^ guided by blocks D 
running in a recess E in the end plate. The pins F rotaiting 
with the blocks D served to maintain rubbing contact between 
the slide and ^the outer chamber. The slide* was in tw'o 
portions, carefully machined and sliding over each other in 
the slot in the axle. The guiding blocks in this case travelled 
af a high linear speed, giving rise to considerable frictionf 
This defect was remedied in the later Beale exhayster fliar...!- 
factured by the Bryan Donkin Co. {Fig. 16, #5). Ir^this the* 
guiding of the slide motion is brought to the centre by using* 
% block C* running on a pin fixed in one of the* end plates. 
The^ide is cast in ,one piece, and the block pi\)vid(^ much, 
larger wearing surfaces as compared wi4^i the older guiding 
rings. In'addit’^pn, the high linear velocity of the circum- 
ferential guiding block'f is avoided, the relative velocity of the 
block C being reduced to only a tenth of that obtaining in 
the original, ^type. * The internal friction is so much reduced 
tha*t th/ flbwcr required to drive the exhauster has been 
reduced by 2^ per^cenj. -tJiC chamber is bored to^fte exact 
oval stape cTescribed by tjie motion,of the blades, the vertical 
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diameter being equal to tlic chord f)assing h^^rizontally through 
the centfe of the axle li. Ihe axle is, cast in one with the 
driving^haft, afid just clears the bottom of the c^namber, tl^ 
non-driving e^id running in a race in the end plate, the inner 
diameter of the rfxe forming a bearing easily lubricated. The 
slide is entirel^^ supported by the block C, the only pressure 
on thtychamber being due to the springs B (Pig. 16, A) under 
the , pac*kirig strips or nose-pieces A, which ensure efficient 
contact ai d hence a minimum of “slip.” A modification. 



' designeej^ by Hryan Donkin, is shown in ITg. 16, A in 
which the motion of the slide in the hollow axle is utilised to 
inerti'ase thk volume offgas dealt with. On each of the end 
, plates ports ?is at F and E are fitted, forming connectiqn^, with 
the interior of the dnim and the suction or pressure side^of 
, the exhauster. Openings D in the end of ;he ax/.c pass the 
‘ ports at c^efinite intervals ; each revolution and the movement 
of the ^slide between the machined faces K alternately draws 
in gas from the suction port F, and expels* it through a port 
in the end plate (not shown on the drawing) to thdipresslure 
‘ side. Ike capacity is increased, U’ it at the cosfof additional 
working parts, and many engineers prefer the orefinary , Central 
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guided e^chausterton this account. Fig. 16, C shows a type 
of exhauster fitted with three blades. The increase iif the 
yumber of^blac^^s tends tci secure a steadier gau^e^on sjow 
speeds. For larger units four blades are used, the principle 
being the saitie. In these ‘three and JourJjlade exhausters 
the outer chamber is bored to a true cylindd*. The blade.*? 
are supported by a central pin C secured in a deep boss in 
the end pfate. The axle is fitted with three t)r four tollers D, 
oscillating in bearings and slotted to receive the slides. The 
rototion of the axle B thus can ies round the various blatles, 
and the gas is swept round the space between the inner clrurn 
Jnd the outer chamber to the pressure side. An exhauster 
of the “Roots” type, as manufactured by Messrs Thwaites 
Bros,, Bradford, is shown in Fig. 17. In this case two hollow 
impellers ofi:^st iron or cast steel revolve simultaneously in 
opposite directions in a casing as shown, syn*chronism lieing 
secured by spur gearing. The impellers are of caiefully 
designed shape, the tip of either impeller engaging in the 
indented portion of the other impeller in such a «r.:ir..’;er as 
to avoid undue slip. As a rule this type of exhauster is 
fixed ^as shown, but Occasionally the inlet and outlet passages 
are set horizontally, in which case the *axles of the impellers 
are set in a vertical plane. , 

The Sturlevant exhauster (Fig. 18)consistsof Uvcfkccurately 
bored cylinders partly intersecting, on either side of which are 
the intake aiK^ discharge openings. Inside the casing are two 
tf)tors, an impeller which does the real work of exhausting 
and an idler which acts as a non-return valve. *The impcjl^er 
consists of three diamond-shaped blades A, joyed* together by 
a ce^itral web, araj actuated by a central driving sHkft. The 

• blades rev^olve in the space between the casing and a stationary 
core^C^ and the gas Is conveyed fron^ the inlet td the outjet as 

• J^own by the main arrows. The idler^B is revolved at lOie 
same spe^^d as the impeller by means of cut spur geariftg, and 
is shaped so as fo trap^the blades of the impeller as shown at 
D, thus preventing any escape of gas from the pres’sur^ to the 
suction sidt of the exhauster. Any gas left under the pre.ssure 

• in D is^»b)i»passed by means’ of one or other of the leakage 
chambers K*and F fitted^ in the end plate. The.*^* leakage 
chambers ffiake *t p^ssibfc to recover the pressure ^hich 
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otherwise would Escape frdm the idler pockets, thus increasing 
;he efficiency anl^l decreasing the noise. The idler itself does 
lot assist'*in exhausting \hc gas, and consgquenfljf req^iires 
ittle power for its rotation, ^whilst the space b(#tween the idler 
ind tne impeller is such that no amount* of wear will allow 
he rotors to come in contact, thus permittftig a high speed 
)f rotation. A type of exhauster which has come into pro- 
ninence during recent years is the turbo-exhauster. Qwing 
;o the high velocity the dimensions are considerably reducecl 
ind the exhausters occupy very little floor space as compared 
vith exhausters of the Beale type. They have an advantage 
n the shape of larger clearances and no rubbing surfaces, 
md appear particularly suitable for direct ammoni.i recovery 
Drocesses. Figs. 19 and 20 show a Bryan Donkin two-stage 
;urbo-exhaAsler. The inlet and outlet branches aie fitted 
;o the lower half of the casing to allow easy access ft> the 
.mpellers without interfering with any pipe joints. 



'chapter IV 


'QOMPQSITION AND ANALYSIS OF 
• AMMONIACAL LIQUOR 

Ttik (lifjLiid from the various washers, coolers, etc., is a 
mixture of t.irry and watery constituents. The nature o£ 
the tarry compounds from any unit varies accordin^r to the 
relative situation of such unit in the recovery s)sstem, and 
is dealt with in a later chapter. The {)rimary source of the 
other constiluepts is the liquid condensed fioni'the vapour 
arisiiig from the water of formation of the coal, and from the 
water mechanically intioduced in the coal washing. This 
water dissolves a propoition of ammonia from the foul gases 
varying with the temperature of any particular condenser. 
A solution of ammonia is thus formed, but as other bodies 
having a strong affinity for ammonia are also i)rr3ent In the 
gas, ihe liquid becomes a complex mixture of compounds 
of ammonia. Some of thcs(^ com[)ounds arc readily decom- 
posed by mere heating, whilst others are more stable, and 
require, in additi(m to heat, the presence of an alkali, such as 
soda or lime, to bring about decomposition. The ammonia 
existing in the former condition is known as “ free ” ammoina, 
ajivl in the latter as “fixed.” The variou:^ compounds usually 
associatcc| in ammoniacal liquor are : — 

, f Ammonium carbonates. 

Free \ „ sulphides. 

' [ „ cyanide. 

(^Ammonium chloride. 

„ sulphate. ^ 

„ sulphite. 

„ thiosulphate. 

„ sulphocyanide, 

„ ferrocyanide. 

I'hc specific gravity of the liquor is a*l)Out 
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*Thc\:ompouifds above-mentioned are produced in various 
ways. ^ ^ # 

^ Carbo'VdioKide is alw^s a constituent of J;he g»s(?s coining 
from the ovens, and is formed by the union ^)f some of the 
carbon of th*e coal with oxygen deriv^ed fe'om the air which ^ 
is unavoidably admitted with the slack cfuring charging. 
When ammonia gas comes in contact with carbon, dioxide 
below a certain temperature, one or other T)f the c*arbonates , 
of ammonia is formed according to prevailing conditions. 

• The carbonates are white solids, which, however, cannot 
exist at high temperatures, and are conscciuently not formed 
until below a certain temperature. 

The carbonates of ammonia smell of free ammonia under 
ordinary atmospheric conditions, probably through the action 
of carbon dioKide from the air, partly due also to the presence 
of carbamate, since this compound is formed by the •inter- 
action of gaseous ammonia and carbon dioxide, if these are 
dry and not too hot. 

Ammonium Sulphide is produced by the acdo.i of sul- 
phurette^l hydrogen on ammonium hydrate, the former having 
been^derived from flie sul[)hur contained in the iron pyrites 
always associated more or less with coal. There are s^^veral 
sulphides of ammonium, containing variable amounts of 
sulphur. It is to the presence of these compfturfds that the 
disagreeable smell of the gas liquor is chiefly due. All the 
sulphides give insoluble precipitates with lead and zinc salts, 
*nd on this reaction may be based a iT\pthod f(^r their estima- 
tion. They easily decompose, and are volatile on heafing. 4 .> 

The sLilphocyanide of ammonium is focfl;ied by the iiniim 
of fiydrocyanic aiid and ammonium sulphide. It is possible 
also that,carbon disulphide takes part in the forfnationr • 

^.S^lphite of ammonium is produced by the uhion yf siilphur 
dioxide, derived from the pyrites in ^Mie coal, and gaseous 
ammonfa, in a similar manner to the formation of carbonate. ^ 
The sulphite, in preseiice of free sulphur, forms hyposulphite 
or thiosulphate. 

AmmcAiiunT"Chloride is derived from sodium chlpride, or 
comm^i ^5^1t, in the coal, and varies ^-onsiderjibly with the 
class of coal^used. Some^coals contain a fairly Iciffge amyunt * 
of s-^lt, odiers are practtcally free. Ammonium chloride. 
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commonly known as “sa! ammonfkc/’ is a^white sofid which 
readily srblimes, and easily dissociates^, irrco ammonia gas 
and ,hydfO(!:hlori(;: acid gas. ^ f ^ 

Free Hydrocyanic Acid is the result of the direct union 
^ of carbon and hydrogee with nitrogen at the high temperatures 
used in coking, '‘so that a portion of the total nitrogen of the 
coal is tjius changed, and not recovered as ammonia. 

T;*eafment oY Ammonia Liquor.— Although ammonia 
liquor is thus shown to be such a complex solution, fortunately 
all thj: compodnds are amenable to one form of treatment. 
When the licjuor is brought into contact with milk of lim^ 
(chemically calcium hydrate), all the ammonia is driven off in 
the form of free ammonia or ammonia gas. This reaction is 
brought about in the “stills,” which are fully described in a 
later chapter. ^ ^ ' 

A typical equation for the reaction is as follows : — 

(NH4),C03 + Ca(HO).3 = CaCOg + 2NH3 + Hp ; 
or gene|;allv expressed — 

(N + Ca{HO) , = CaX + n(N H3) + ^ 

where X represents th(^ acid radicle. 

A# the terms “free” and .“fixed” ammonia are often used 
in speaking of ammonia liquor, it will be well to understand 
what is implievl by them. 

The “free” ammonia is that which is given off from the 
liquor by boiling only, without the addition of an alkali or 
btise, such as ‘loda or lime. ' 

*/Th^ “fixed” ammonia is that which is not driven off by 
simply boiling, ijjess an alkali or base be present in moderate 
ei:cess. In the “stills” of a recovery plant lime is used. 
• This causes tiie decomposition of the whole of the ammonium 
comp<i'unds, afid the liberation of all the ammonia in th^ffee, 
gaseous condition, really for absorption in the sulphuric acidy 
^ when it' again becomes “ fixed ” and converted^jnto aKimonium 
sulphate. « 

Valuation of Ammonia Liquor.— An approximate idea 
of the strength of ammoniacal liquor may* be obtained by 
means of a .Twadde,U or other similar hydrome^«ir,\but to 
' ascertain' Uhfe exact amount of am^-nonia presenp chemical 
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^An ^timatio^ of the total ammonia is usually made, that 
is the free and fiKed together, and this is done in th^ following 
manner % 

* Having obtained a representative sampje, 10 c c. are 
measilred ofi* and transferred to a small ll^sk, to the neck of^ 
which a rubber stopper lias been previously fttted. Throiigli 
this stopper is a glass tube, bent twice at right ang^les and 
connecteS to a bulbed U tube as shown in Fig. 21. • Into the 
bulbed U tube is measured 10 c.c. of normal sulphuric acid, 
tlmt is, of such strength that each cubic 
centimetre contains ‘049 gm. of sulphuric 
*acid or 49 gm. per litre. A moderate 
excess of a strong solution of sodium 
hydrate (caustic soda) is now added to 
the flask, and the stopper quickly re[)laccd, 
gentle heat being then applied to the 
contents of the flask, gradually increasing 
it so as to m.iintain a gentle boil for 
about half an hour. Hy this means the 
whole of the ammonia is distilled over 
into^the acid witlf which it combines, 
forming ammonium' sulphate, and neutral- 
ising a proportional amount of the free 
acid. It then remains to carefully detach 
the U tube and its contents, and transfer 
the solution to a glass beaker or por- 
celain basin, the latter [)refcrred, rjnsing out the tu'je 
with distilled water* several times, care being tfi<en^,to 
avoid any loss by splashing, etc. It is ^ow 'necessary fo 
estimate how mych of the acid has been neutralised by tfae 
ammoni^ which has passed into it. This is dene by.adding» 
twq or three drops of a solution of methyl V^range Jo the 
Jiqui^ in the basin, and then adding carefully a normal solufioh 
of sodii!«p carbonate or hydrate until the pink colouV of the ^ 
solution is changed [o yellow. The end reaction is very 
distinct, and indicates exactly when the remaining excess of 
acid has b%com 4 neutralised by the standard solution^of soda. 
Each ^ublt centimetre of normal sulphuric acid neutralised 
by the amfhonia which h^s been liberated from tljc^lO c.c. of* 
ammoniacif liquor, repres^ts '017 gm. of ammonia (NH'g). 


h 



Ki>.. 1*1. \|)j).iratus 
foi I he J’.sinu.Hinn 
ot Ammonia. 





MUlJl^vKiN 




An example of the figures in an actual ^est will ‘no doubt 
mak^ thc^ process more comprehensible : — / 

10 c.c. rriv^Y .pnginally used in U tube. 

3 c.c. - , , ^ equired to neutralise after distillation is 
NalKJ 

" ^complete. ^ 

f N . 

10 — 3 = 7 c.c. neutralised by the ammonia from 10 c.c. 

< of ammonia liquor, 


and each c.c. sulphuric acid neutralised = '017 gm. ammonik 
(NH.^). 7x‘017 = ’ll9 gm. ammonia from 10 c.c. of 

ammonia liquor, and hence 1'19 per cent, ammonia (NIL/j. 

If it is desired to estimate the free ammoni? and the fixed 
amnvonia in a liquor, separately, a measured quantity is taken 
as before, and distilled over into a known volume of standard 
acid, without adding sodium hydrate to the solution in the flask. 
On tiira'-^n with standard soda as before, the figure obtained 
gives the free ammonia only. This amount deducted from 
the total ammonia, as^ determined by a separate test, repre- 
sents the ammonia in the fixed condition. 

Concentrated Liquors. — In many plants, instead of 
recovering ' th: ammonia in the form of sulphate, it is con- 
centiMted in the form of licjuor and sold as such. The 
strength of such li(}uoi varies from IT) to 20 per cent. 
v„ The liquor may be tested by the hydrometer as to it^ 
strength, but it is preferable again to U'le a chemical method. 
It is found that ' with fresh liquor it is sufficiently accurate to 
titrate (liiect with normal sulphuric acid,^ that is, without 
having to dislil with caustic soda. If, however, the, liquor is 
a fcwg:lays old it is necessary to distil with soda into nor,mal 
acid as described in t^e testing of ammoniacal liquor, other- 
wise too low a result is obtained. In dealing with a^diquor so 
strong as concentrated liquor usually it is either necessary 
to detefmine its specific gravity by means of the specific 
gravity bottle (see p. 29, Vol. I.), or to actually-wcigh the liquor 
used in the estimation. This latter is preferable, a»d«pay be 
carried ou,^ as follow.s. Weigh a ^^mall conicah glass flask 
containing a few cubic centimetres of distilled Water, then 
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add aboui 5 c c. the concentrated liquor whose stren^^th is 
to te determine^, and wei^qh a^ain, having stopi)crcd* the 
[Idsk up wy:h cori< and* rubber tubiii”^ on whicji ithcie is 
**spring clip. By this means the weight of lln:^li(}uor used is 
ascertained. fThis is then 'distilled with j.xcess of caustic > 
soda into about oO or 60 c.c. of normal sulphurif acid, caiefully* 
measured of course. Gradually warm up the flask and 
:ontent5 £fnd distil at a brisk boil for about»twenty Tninutes. 
Rach cubic centimetre of normal sulphuric acid neutralised 
represents 'Ol? gin of ainmomki fNIIn)- If expl.iiTied 

that when dealing with an ordinary .immoniacal h(|Uol', say 
1‘0 to 1’5 per cent strength, it is sufficiently accurate to 
measure the 5 or 10 c.c. taken for analysis, and to take it that 
this volume weighs 5 or 10 gm., as the c.ise may be. Ihit 
n a highly concentrated liijuor* containing from 16 to 20 
oer cent, of ammonia it would b(' inisleading'to do this^.ind 
:onsequently it is necess.uy to weigh the poition taken, oi to 
letermine the s[)ccilic goivity of the luiuor, and from th.it 
:alculate the weight of tiny measured volume dealt '’ "^h 

Estimation of Total Sulphide in Liquor - The principle 
)f this estimation is hnsed upon the fact that when a solution 
jf za’nc chlotide (amnumiacal) is added to the ainmoni.i iKjuor 
the sulphides are precipitatisl as /anc sulphide d'hc snjulioii 
is boiled iqy and after settling, the [)ieci[)itate vs filtered off 
ind washed sev'eral limes with hot water, and fin, illy titrated 
ivith a standard sohitioh of lo line, dccmormal stiength, 
i^hereby the amount of siilphui in the fotin of sulphide e> 
readily calculated rivery !)7 parts of 7inc sulphirk) aie 
equivalent to .'>2 parts of sulphur or 24 parts^if sulphuretted* 
lyclrogen. , * ^ 

An example of this method is given in tl^ ( hief In- » 
jpector’s Forty-second Report on Alkali VVi'irksJto the Lo( (d 
aov'errtment Board. ^ • 

Estirsi^tion of Sulphuretted Hydrogen in Liquor.-- 
This estimation i^ madq by boiling a measured volume of the 
iiquor, and absorbing the sulphuretted hydrogen, wdikh.is thus 
driven off, i.»i a solution of either a lead, copper, or cadmium 
salt, etc.» J'hc metal is precipitated as sulphide, and may be 
then, after nitration and washing, titrated with ft^^'itandard 
solution of iOeffne,* or fnay'lfte oxidised by means of brot\fine 
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and precipitated in the form of i)arium s^ilphate-jrcompare 
method for estimation of sulphur in coal ancj coke. 

The,aUfthors have used an ammpniacaf solution of cadmium 
nitrate, and finrl the precipitate of sulphide thus obtained 
very workable, and can be titrated with iodine, in acid 
solution, or oxklised to sulphate as described, giving accurate 
results 

The r,ame ap 4 )aratus may be used as that in .which the 
valuation of ammonia liquor for ammonia is carried out. 
(See sketch.) , 10 c.c. of the liquor are usually sufficient to 
work' upon. 

Estimation of Carbon Dioxide. — Aportionof theammonfa 
in ammoniacal liquor exists in the form of carbonate, and this 
may be estimated by making use of the following reaction : — 

CaCU + (NH^),CO, - C:a(: 03 H- 2NH ,C:i. 

That is, by adding a solution of calcium chloiidc to the liquor, 
the carbonate of ammonia becomes changed into the insoluble 
carboiu'^^-o of lime, which may then be separated by filtration, 
washed, dried, and ignited to oxide, or titrated with standard 
hydrochloric acid, when c 

CaCO, + 2 HCl = CaCl^ + II A + 

which denotes that every 100 parts by weight of calcium 
carbonate will neutralise exMctly 7-1 parts by \. eight of hydio- 
chloric acid, and consequently, by estinuiting how much acid 
ds neutralised by titration, the amount of calcium carbonate 
is determineVj. Ifvcry 100 parts of cakium carbonate are 
I'etermined,' Every 100 j)arts of calcium carbonate are equiva- 
lent to 4‘4 parts 'of carbon dioxide. 

If the carbonate be ignited to oxide of calcium and the 
latter weighe 1, every 56 parts by weight represent 44 parts 
'of carbo'ii dioxide. ' 

Both methods give accurate results. The volumetric one 
is well exemplified in the Chief Inspector’s Report on Alkali 
Works for^the year 1005. 

Estimation of Hydrocyanic Acid in Liquor.— This is 
done by distilling a measured quantity, 50 c.c. u.sjmljy, into a 
solution, of caustic soda of semi-normal strength-4:-20 gm. 
per ktre. c j ■- 
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It is r^cessary^to add ^ moderate excess of lead nitrate 
solution before di.'f.tillinij^ to the liijuor in the flask, the object 
being to retain the sulphuretted hydrogen, in the forjp’ijOf lead 
sulphide, which would otherwise interfere with'^he titration’ of 
the distillate. *Thc hydrocyahic acifl becomes c?)nvcrted into 
sodium cyanide. It remains now to acid to yiis solution a > 
few crystals of potassium iodide as an indicator, and to run in 
a measured* quantity of standard silver nitrate soluti^h until 
the liquid becomes just cloudy or opalescent. This indicates 
that; all the cyanide present has become converted into the 
double cyanide of sodium and silver, and that silver iod'/de is 
beginning to form, causing the opalescence. Each cubic 
centimetre of decinormal silver nitrate used represents OOo^ 
gm. hydrocyanic acid. 

Typical examples of tests of ammoniac<d liquor for 
carbonic acid, hydrocyanic acid, ferrocyanide and thiocyanate, 
sulphide, thiosiilj^hate and sulphite, sulphate, total sulphur 
and chloride are given in the Report of the Chief Insjiector 
on Alkali Works to the Local (jovernment Board for 1005^ 
In this and other Reports to the Local (jovernment Board 
will be fdlmd the re *ults of a very considerable amount of 
time and Cc^re, which have been cxpciVled by the late I\lr 
R. Forbes C arpenter and Mr Linder, in investigating ‘and 
developing the best and most reliable metlipd^ for the 
analysis of amifioniacal liquors. 
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Th£ ammoniacal liquor, after a [)rimary separation of tar, 
is pumped to» storage tanks, which should be of suffidient 
capacity to allow time for the efficient settling out of small 
(piantities of tar mechanically carried forward. The presenfe 
of tar interferes considerably with the working up of liquor, 
and every precaution should be taken to ensure efficient final 
separation. Thus, drain traps sh<»u}d be fitte(J to the bottom 
of ejeh storagt! t.ank, the licjuor outlet being situated some 
distance higher. Any tar c(jllecting should be run off periodi- 
cally until liquor appears at the drain tap. 

The-^oke oven liquor is worked up intf) sulphate of 
ammonia or into a concentrated li(|uor of varying strength 
and degree of purity. In either case* the weak* liquor is 
decomposed in a still *by steam and lime, the ammonia being 
therctiy liberated along with carbon dioxide, sulphuretted 
hydrogen, •hy/lrocyanic acid, and excess o( steam. 

The principle of sulphate of ammonia 'manufacture is 
shown in diagram form in Fig. 22. The liquor from the 
storage tank A on its way to the still receives a preliminary 
heating in the ve.ssel B, the heating agtfnt being the hot waste 
gases and sfean? from the saturator G. The liquor enters the 
l^op of tffc stilT C at a temperature of abput 80^ to 85'" C. 
and flows c^own wards over a series of superimposed trays ^ 
in a zigzag Hshion, meeting an ascending current of steam. 
TLfficient* contact between steam and liquor is broughf* atoqt ’ 
by various baffling devices in each tray. Milk ^ lime is 
pumped into the still by the pump F, ^ud thifs serves to expel 
the “fi>^ed*’ ammonia. After its length/^ned passage through 
the still *the liquor is deprived of its ammonia, and* along with 
the excess of lime and condensed steam leaves still as 
“spent liqiior” by means of the seal pipe D. The gases and 
vap'ouis leaving the still C are matfe to bubSle tfirt)ugh a bath 

^ 84 * ' * 



WORKING UP OF AI^M^ONI ACAL* LIQl^OR 35^ 

of sylphuiSc acid iif the satufator r,. Ammonia is absorbed by 
the sulphuric acid^the strong; affinity of these bodics^for each 
other causing an»ener^etic Reaction and an incj;ea‘^cd^t^mp(;ra- 
tu*re. The excess steam thus passes throu^li jj.incondcnscd, 
along with carbon dioxide, sulphuretted liydrogen, hydro- 
cyanic acid, etc. A portion of the heat in tfiis mixture of 
gases and vapours is transferred to the incoming liquor, in the 
heater li, t*he remainder of the hcMt being ‘abstracted [n a 
water cooler Thus all the ste.im is condensed, leaving the 
drietl gases to be dealt with in a purifier | to remove all 
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deleterious gases. The steam conthmsing ij the heater 
and final cooler dissolves a portion of the sulpfmr and* 
^yanogen.^compounds, and is collected in tht form of 
‘devH liquor,” which maybe returned to the sttll by^ m^ans 
af th*e {thmp k. 

The heater H is usually of the multitubular typC, the 
liquor passing thrt)ugh tjic tubes whilst the hot spent gases 
:irculate round the cy.itside. Many types of stills are in 
existence. ?n soime of these the lime is introduced igto an 
-nlarged^tsfiption of the still itself, in others th(^ liming is 
:arried out in’ a separate vessel. • ^ * 

A good examp’le a^ i^dern type of still is showiNin 
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Fig.^ 23 (Chemical Engineering C6.). The*main still consists 
of a serifs of superimposed sections A, ^achf section having a 
ste?m distributing passage B, an overflow wtir O, and a seaj- 
ing plate i). fThe positions of and D alternate in such a 
, manner that the ‘liquor descends in a zigzag fashion, passing 
' in a horizontal direction 

across each tray in turn. 
Steam is distributed by 
the hood E, with serrated 
edges as shown. If is 
highly important that the 
passages J>, the serrations 
of the hoods, and the over- 
flows c be kept clear, 
otherwise steam will 
ascend by way of the 
licjuor overflows, or liquor 
will descend by way of 
the steam [)assages. In 
either case tliere is a 
diminution iy the# effici- 
ency of the still, and 
serious risk of the liquor 
being c^^rried forward 
bodily by the steam giv- 
ing rise to a priming of 
the still. Accordingly, 
provision is made for easy 
access to these vulnerable 
points.* The hood may 
be readily r«xioved fof 
cleaning througb, the 
‘ opening F, whilst the 

overflow passages are of ample dimension^ and o5sily acces- 
sible by, removing the cover platers G. An arrangement 
for thb introduction of lime is showi*i in Fig. ^24. In this 
case the liquor, on reaching the fourth ti^ay from the top, 
passes to the bottom of an external liming cham\^rVhown to 
the leff 61* the main still. Here i^^is rqixed witji milk of lime, 
th^two liquids being therroughly agital^ed and brought into 



Fig. 2S . — Anlmonia .Slill (Clieniical 
n * Engineering Co.) 
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intimate contact by steam'^ front a perforated pipe. The 
mixture j’ises to the top, re-enters the still a)r the fifth chamber, 
and j)ar..^'s downwards as already described. The spent 
liquor may bp liberated from the bottom of the still by ^in 
automatic float r-valve or seal' pipe so as hot to release 



the steam pressure. < The spent liquor should be carefuljy 
examined at regular intervals, and the amount of- ammonia 
passing away estimated. It should ^^not contain more than 
•02 per cent, of ammonia, and with good working is often 
below/01 per cent. The test is conducted- on ‘^iimilar lines 
to the totj^! ammoqia test in liquors. A bad Wh^may be 
due to shortage of steam, (d) sh^^rta^e of lime^ (c) blockages 
in the float valve or seal^pot, (B) < 5 lirty hoods or overflows. 
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The first inayfbc .'iscer^aiiieT by testing the spent lipiioi 
for free lime, whic.h oui;ht to be in excess (sa)’ up to 
cent, free lirie). , 'I" imt in Excess the deficit sliould/^c' made 
gi?od, and if a re*test shows no improvement tfie steam su|'pl\' 
should be adjusted. If the spent h([Uor ^leaves the plant 
spasmodically, accompanied by large volume^^of steam, the* 
condition of tlfe hoods and overflow's may be suspected and 
should be t^xamined, whilst priming would be indicat'd by a 
rise in the level of the bath in the saturator or by a sudden 
lowering of the ammonia test in the case of* concentrating 
plants. A catch box on the outlet piiie to the still* is a 
decided advantage in this respect. 

Various types of saturators are in vogue, namely, open 
bath type, partially enclosed, and totally enclosed types. 
They may be constructed of strong pl.ite lead supported m a 
wooden frame, or of thinner lead with a irft:)re substantial 
backing of cast iron. A good example of the ojjen bath type 
is shown in Fig. 35 (Joseph Taylor & Co., lF)lton). 'Phe 
body is mtide of strong rolled le<id j)l<ite, the sides being U 
in. thick, the bottom 3 in., and the top 1 in. The a[)ron pkite 
is stijjene'd by the insertion of iron bars^ as shown, whilst the 
top is supported in a similai manner. These bars are covered 
with lead well burnt into the body so as not to expose any 
iron to the action of the sulphuric acid, 'fhe vaj^ours are dis- 
tributed by a [Terforated blow-pipe A in two portions, either 
of which, on removal of the 'breeches ])ipc B, may be taken out 
pasily for repairs, etc. Acid is admitted at (', whilst a j)er-, 
forated steampipc D is* introduced so as to blow^ forwaid a'ly 
deposited crystals of suliihate of ammonia »ito *lhe well b> 
PTom thence the , sulphate may be fished oif by means oj 
perforated copper scoops in the case of small })'a<its but pre- , 
ferably in the larger pLints by means of a sluice valve or 
sjeam Ejector, the latter being more si^itable for continuous * 
working.*. The waiste gases arc led away by a branch pit^e, 
fitted in the inspection cover or in one corner of the*saturator 
top. The whole bod 3 ^ is supported in a strong wooderj frame- 
work suitably fiy^cd with steel tie rods, etc., and owing to this 
and the«t^i!{hg lead plating the saturator is rem^arkatily free 
from repairs. . ^ 

The semi-closed l^pe shown in Fig. 20 . The boilv is 
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built up of cast-iron segmdhts liaed witliolead, tlje bottom 
beiifg in the form of a cone to facilitate? removal of th^ 
sulphate^^'' The blow-pipe li, in th(^ form^ofj horseshoe, rests 
on a led^^c as shown, the spent ^^ases leaving by the exit 
* The condition of^thc bath may be observed by^means of the 
iDroad seal pipd D (also of lead), and at the right moment the 



to a draining table or into skips (}, which, after suitajble drain- 
age, deliver the salt to any portion o^ the j^ores by the run- 
way F. ® 

The enclosed t\'pe is sljown in Fig. 27 (Chemical Engineer- 
ing Co.'). It is constructed of solid plate lead c^(;‘dtin stout 
pitch-pipe lagging, and the principle may be understood from 
the)flrawing. The sulphate is re'fioved by an ejector, which 
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nay be o( lead oiicopper, latter bein^ more conveniently 
mndled. Steam, or comj)ressed air is bloun in at K, passin^^ 
lown the small^tl tube wliich communicates vvitl/^^i small 
ifczzle fixed ccntrmly in the larger tube and looking upwards. 
The lower cnS of the delivery tube is enlarijed as shown, and 
s fitted with openings through which the sulphate is suckecf 
into the delivery tube. An enlargement in the form of a lead 
box G is fitted to carry off surplus steam oj compressed ail, 



» • 

and to allow the sulphate to How quietly to die draining 

table F. Any mother liquor separating from the mass is re- 
turned "to the saturatpr. After a preliminary draining the*" 
sulphate \may be run directly into a centrifugal mTichine 
(Fig. 28, Wilton type). This consists of a basket A* made of 
perforated copper plj^tes reinforced with copper Vings, and 
attached to the ^haft K. The revolution of the basket forces 
the liqucM* Jd/ centrifugal action through the finer^erforations 
of a loosely fitting lining to the basket, thence through the 
coarser perforations df th5» basket itself into the space 
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closed by a lead outer casing n, fiiom whicfi it passes by the 
outlet E to the mother liquor well or back^^to the saturated. 
After afttw mjnutes’ “whizzing”' the basket is^ allowed to 
come to rest, ^ and the dried sulphate is ' cond.ucted to die 
shoot D and elevii.tor F by lifting the valve C (loose on the 
spindle). ^ 

The method of working a saturator has a mdrkcd influence 
on the (fuality of the sulphate ])roduced. In face of severe 



CDmpetitron frym the Continent the quality rhas received more 
• attention redcptly, and the Sulphate of Ammonia Association < 
strongly^ advises its members, as an act of self-interest, to 
endeavour to manufaitture a product containing at (east 2*5 
per cent, of ammonia, and not more than 3 per cent.«^moisture 
and J per cent, free acid. It also suggests tTiat the sulphuric 
acid usQ^ should be as free as possible from iron and arsenic, 
and should never contain more than '5 per ^ent.Verric oxide 
or *05 per cont. arseijic. With such acid a contiSi*of^s work- 
ing ^of tka s^aturator is possible, but in using an arsenical acid 
the /writer’s experience is ^decidetlly in Javour of an inter- 
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mittent process. •The gases passing into the saturator contain 
sulphuretted hydrogen which, reacting on the arsenical 
compounds,^ ultk^Htely causes a deposit of ^strongip yellow 
a^senious sul^hid^ In the ordinary course events this 
would settle down along with the crysUls of sulphate of 
ammonia, which in consequence becomes discoloured to an 
objectionable Extent. One may remedy this state of affairs 
by previously precipitating the arsenic in if separate vessel, 
utilising the sulphuretted hydrogen in the waste gas for this 
puipose. * 

One difficulty in this case is due to the fact that !lt the 
sftengths of acid usually supplied for this purpose, free sulphur 
is also deposited in a fine state of division, interfering with 
the filtering process, the precipitation being best carried out 
with acid of about 110° Tw. and under, whilst additional 
plant is necessary. Another method is to ’precipitate? the 
arsenious sulphide in the saturator itself. In this case the 
bath is made up to 68° Tw., in the first place with sulphuric 
acid (144° Tw.) and water, in succeeding baths with acid and 
mother liquor. An energetic reaction immediately follows, 
the 'iiw. ns^ng to 69°*or 70° Tw., and tjie temperature rising 
/roin 108° C. to 112° C. in the first two hours. At the 
commencement of the boil, tar, anthracene oil, or creosote oil 
is poured into the bath to the extent of about»h^lf a gallon 
per ton of sulpTiate produced. By the aid of these oils the 
arsenical precipitate held in suspension is coagulated, and 
rises to the surface with* the oily matter in the form of a scuiiif 
It is advisable to remdve the great bulk of this scum*in the 
early stages of the bath. After an hour or Jwo*the specific 
gravity of the bath and the temperature ^legin’ to dro?) 
gradually, until on reaching a gravity of about >5° Tw.*and a i 
temperature of about 106° C. crystals of sulphate of ^mmonia 
becom^ evident. Thai bath may be alWwed to drop to abouF^ 
60° Tw. v<^hen the discharge of the sul[)hate may be comnlenced. 
The discharge sliould J^e completed by the time the bath 
reaches 55° Tw., as below this there is a risk o!" the bath 
becoming neutral, with a possibility of the production^of blue 
salt. I/^th6 discharge commences too ^soon, say above 60°, 
the crystals are in a much finer state of division,iand^ on 
drainmg hold the acid ,tehaciousJy. This “floury” sal^ is 
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also difficult to drain, and i^ usually associated wi;^h a high 
moisture and free acid test. Under conditions similar to th'o 
above th^Vvriter^ has had no difficulty in prld^icing good grey 
salt of satisfactory analysis from arsen(cal acid. If d6- 
arsenicated ac?d i*^ available, after the first batn has reached 
CO'' Tw. a small'stream of acid is allowed to enter the saturator, 
and the contents are brought down gradually td 58°. 

Froni this point the supply of acid is adjusted (according 
to tlie amount and strength of liquor passing through the 
still, etc.) so a^ to maintain a gravity between 58“ Tw. and 
56° T(v. continuously. As a check the free acid in the bath 
should vary between 4 and 8 per cent. Under these contfi- 
tions sulphate of ammonia is being continuously prdduced, 
and is steadily ejected at the rate of formation, whilst acid 
is being fed in continuously. These conditions are not 
difficult to maintain, and result in the production of snow- 
white sulphate, with large crystals easily drained, and giving, 
even without the use of a centrifugal drying machine, a salt 
quite up to the standard recommended by the Sulphate of 
Ammonia Association. 

Blue sulphate may be produced In various way? A 
comipon cause is the neutralisation of the bath, which is 
liable to occur if the bath is allowed to approach a gravity 
of 54°. If is'probable that in this case the iron salts in the 
acid are precipitated, and combining with cyanogen compounds 
become fixed as ferrocyanidcs. On the admission of further 
Lcid, the ferrocyanide is converted to ferrous-ferrocyanide 
by th^ sulphate of iron. This ferroil^ salt on exposure to 
the atmosphere; is oxidi.sed to Turnbull’s blue or Prussian 
bjue. Thus blue colour is not always apparent in freshly 
ejected' sulphi/te, but develops in a few days. However, the , 
smelly of ^ a neutral bath is typical of the conditions, and if 
a*dark grey salt appears at the same tinte, it should belreated 
with suspicion, and placed in the stores apart from any other 
sulphate. ' Alkalinity may also be bro^ffit about by a priming 
of the still, which at the same time redrjces the temperature 
of the Jbath, a lower temperature favouring<-the"fixation of 
cyanogen compounds. A damaged blow-pipe may ajso lead 
to blue xalr. Thus if the holes become enlarged, or a split 
in the pipe occurs, the coi;itact i.s’ concentrated into a small 
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area in which loc^l alkalinity is developed. In this case, 
in addition to the*risjc of discoloration, there is a probability 
loss of .'^mrrioilia, owing to inefficient sj^readin^ of the 
vapours. In)|nan)^cases, as a safeguard, a baffle box is fftted 
.to the outlet pipe. In this the waste gases* arc brought into 
contact with the acid entering the saturator, a^nd part, if no{ 
all, of the escaping ammonia is returned to tlic saturator. 
The waste gas leaving the saturator after* condensation of 
excess steam consists of a mixture of gases which would Tonn 
a stSurce of danger in the atmosphere, and idiist be treated 
for the removal of some of these. A typical analysis of*waste 
gas is given below : — 

Sulphuretted hydrogen - - 2 0 per cent, by volume. 

Hydrocyanic acid - - 2 0 „ „ 

Carbon dioxide - - - 82 0 ,, „ 

Nitrogen - . . . 14-0 ^ 

Sulphuretted hydrogen gas may be dealt with in several 
ways. At some works it is burnt, and the sulphur dioxide 
thus produced used for the manufacture of vitriol. At 
others, tl"^ gases are passed through ()urificrs containing layers 
of bSg ore? or oxide of iron, alone oi* mixed with sawdust, 
•which takes up the sulphur and some of the cyanide. ■» The 
sulphuretted hydrogen in passing through this material is 
decomposed, it,^ sulphur being taken up by tile Iron oxidt 


forming .sulphide, thus 




Fe20.„H20 + 3H,S 

- Ft 

+ 

IHjO. 


henii , 

Sulphide ' 

Water. 

> 

Also, 




Fe 203 ,H 20 + aH.,S - 

2FeS 

+ 

+ 4 H 3 O. 


Ferrous 

Sulphide 

, Free ' 

Sulphur 



When the bog ore becomes highly charged with sulphide 
i4 is exposed to the action of the atmo?jphcrc to “ revivify ” 'rx^ 
This conges about by the action of oxygen, thus 

+ 20 = + as. 

Feme . Kerne . Free 

Sulphide* Oxide Sulphur. 

Also, -< 

2FeS + .30 = FePa + 2S. . 

Ferro jy , _ Ferric , * Free 

. Sujphide Oxide Sulphur. * ^ ^ 

Xhis revivified rnateriaf,*consisyng of ferric oxide and Vree 
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sulphur, is used over and over agiiin in thfc purifies until it 
becomes charged with 60 to 70 per cent, oof sulphur, when 
it is disposed pf generally to vitViol maiiufacty,rers for the 
production of sulphuric acid. r j 

In some caser the sulphur is recovered in a solid form 
in a Claus kilm 

The plant is simple to o()eratc, and with treasonable care 
gives gobd results. The principle is shown diagrammatically 
in h'lg. 20. 

The waste ‘gases pass first through a coke tower k to 
remoVe any excess of moisture, thence into the Claus kiln 
proper ]]. This kiln is filled to a depth of about o ft. witn 
lumps of iron ore, the bottom layers being in good-sized 
lumps 3 or 4 in. in diameter, the middle layer rather less 



and the top 'layer of still finer lumps, fini'^hed off with a 
coating of bog iron ore such as is used in the purifiers. The 
whole is su[)ported on iron grids so as to allow a free passage 
bf the mixed gases through the mass. The principle upo( 
which' the , reaction in the kiln is based, is that when 
sulphuretted hy(^rogen is mixed with a certain volume of air — 
usually about fo per cent, is required — and heated to a certain 
temperature, me following reaction goes on : — 

' H.2S + 0 = Ho0 4-S. • 

The initial heat requisite to start the above redaction is 
supplied ty a few shovels full of hpt coal' or coke put in 
through* ^tlie top of the kiln, and, ones started, the heat is 
easily rQaintained by the catalytic action betkreeh the oxide 
of iron and <the mix^ture of sulphuretted hydrog'en * 4 nd air. 
The^ heat^i^’ continuous if the proper relative proportion of 
thci^ gases is regulated, an^ this iH npt at^all difficult. If too 
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much air Js goin^ in mer,e vvili be indications of sulphur 
dioxide wtiich cg^n be recognised by its action on litfnus 
paper. Naturally jthfs meins loss of sulphur^ as v\^lj as the 
ctioling actio>^on ti'.p kiln. 

‘2HoS + 302-280, + *211,0. ’ 

Again, if t4ic air supply is deficient, a portion of the 
sulphurettobd hydrogen p.isses tlirough the, oxide without 
decomposition, and may be detected by means of pAjicr 
soal^ed in a solution of lead acetate. The slightest trace of 
sulphuretted hydrogen turns this to a brownish-black a)lour 
at*once, owing to the formation of lead suljihide. I'hc gases 
may be conveniently tested at two points — one near the kiln, 
the other near the base of the limestone tower D, through 
suitable holes left in the brickwork, fitted with wooden 
stoppers. * ^ 

When the kiln is working satisfactorily and the reactions 
going on properly, it is generally found that there are 
indications of both sulphuretted hydrogen and sulphur 
dioxide. These gases react in presence of each other thus : — 

• * ,iosOj + lo"! i,,s = ssj + 8n,o + *iU2.s,(),,. 

* The sulphur thus set free is in an extremely fine state of 
division, and the milky effluent from the limestono tower is 
due to this finely^vlivided sulphur in suspension, and which has 
most probably been produced by practically the same reaction 
as above, />., by the interaction of sulphuretted hydrogen with ^ 
either gaseous sulphur ch'oxide or a solution of the sulphke. , 
The reaction is also interesting because itmiost probably' 
represents that which takes place m nature on^,a large scale,^ 
resulting in the deposits of native sulphur usiu-^^rfy fou'sd in 
volcanic districts. Both sulphuretted hydrogen and sulphur 
dioxide «ftre present in^ volcanic gases After reaction ana "■ 
de*position^f sulphur the remaining gases pass on and upwards 
through a tower D, 'which is loosely packed wnth lumps'^of lime- 
stone, over which a tric^kle of water is fed from a spi'aygat the 
top of the to^vei^ This is to neutralise any acidity due to 
any sulphjur erfoxide which may remain in the gas. From 
the tower D the gases are led through purifiers E ^o r^emove 
’ remaining traces of 'suli5hu retted hydrogen and cyanides. ' 
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The sulphiif deposited in the firs'^t chci.nber n^xt to the 
kiln is practically all first quality, and runs down in the 
molten ^Qsiditio/i. It may be cither run c|fC this state or 
allowed to accumulate until a mass 5 or 6; ft. deep and wei^li- 
18 to 20 tons is obtained. The sulphur in the later 
depositing chambers is often found in beautifully crystalline 
forms, hanging from the roof like stalactites, also in a very 
fine condition aiKl usually containing a fair amount of moisture. 
It is quite possible to obtain a product containing 90 to 95 
per cent, sulphur, the remainder being moisture, with a t^'ace 
of ammonium carbonate and sulphate, probably produced by 
oxidation of the sulphite. It is used by acid makers in the 
manufacture of brimstone vitriol. In addition to those re- 
actions resulting in the deposition of sulj)hur there are others 
going on in the kiln. 

"yhe formatfon of pentathionic acid by the interaction of 
sulphur dioxide and sulphuretted hydrogen leads to the pro- 
duction of pentathionates, whilst thiosulphates are also formed 
owing to the action of free sulphur on the sulphites, 

Mr K. Forbes Carpenter and Mr Linder have made most 
thorough and valuable research with legard to the reactions 
taking place in the Cilaus kiln. The results of their investiga- 
tions arc given in detail in papers read before the Society of 
Chemicah Industry in March 190:i and June 1904, and they 
are recorded in minute detail in the Journal of that Society. 

They proved that hydrocyanic acid reacts with steam, 

' producing ammonia, thus : — 

HCN + H,() = NH3-1-C0, 

,and that this conversion took })lacc when a mixture of hydro- 
cyanic acid and carbonic acid was passed through highly 
heated contact material, and further that the percentage was 
‘^increased when sulphuretted hydrogen was present. This 
accounts for the presence of ammonium salts in the recovered 
sulphur, over and above that which is due to ammonia having 
escaped the saturators. The Claus plant, therefore, not only 
is a means of sulphur recovery, but also of ouri Tying the exit 
gases to some extent from the excessively dangerous hydro- 
cyanic acid. Some, however, remains, and the characteristic 
srpell of cyanide is very noticeaole when the kiln is cleared 
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out. When nece^^ary to close down the plant for cleanini^r 
itjs most Vieccssary to allow ample time for the ^ascs iii the 
chambers to diffyse titit, by openinj^^ the brickwork jjbuut two 
d«^s before ^hc v\^rkmen are allowed to enter; even then 
every prccautfon must be taken, .is the ^asi?:ous mixture 
hangs about the walls very tenaciously, and i*^ most deadly.’ 
A good qualitf^ of recovered sulphur should have an ap- 
proximate analysis as follows : — , 

Moisture - - - 3 to b ycr cent. 

* Ammonia, calculated as carbonate 3 to 4 „ 

Mineral matter, non volatile - I „ 

* Sulphur - - - 90 to 93 ,, 

The second-grade quality contains more moisture and 
ammonium salt. 'The ammonia may be determined in- 
directly by estimating the loss on washing the sulphur with 
water, or more accurately by distillation with sodium hydrate 
into normal sulphuric .acid. The sulphur may be taken by 
difference after careful estimation of all impurities. It may 
also be extracted b)' caibon disulphide, in which oase any, 
'“amorphous sulphur wiH be unacted upon.^ 'The mineral matter 
other than siilphur, is that which remains after burning a\vay 
file sulphur as com[)lctcIy as possible. 

The Testing and Valuation of Ammonium Sulphate. — 
This by-producp if reasonably pure, is white in colour. In 
. some instances, owing to’ various defects in the methods of 
its recovery, the salt is blue, ,md more r.irely brown. In » 
the majority of cases, especially with blue salt, the value ps 
much depreciated on .account of colour, but in vn fevv inst.inces, * 
generally with Chinese traders, a brown to black salt is in-, 
sisted upon, and consequently to meet this rccjcTremunt a 
white salt is mixed off with some dark colouring matter to 
give theMesired effect. ^This, of course, l^wer'- the liercentage 
ofammon^. 

Sulphate of ammonia, when .absolutely j)ure and dry, con- 
tains 2575 per cent, of ‘ammonia fNll ,). The by-product 
from coke manufacture, if well m.ade, ought to contani 24 5 
to 25 perocpoT The salt as usually j^roduced cqntams also 
a certain’amount of moisture, which varies from about ’5 to 
2*0 per cent. In .addition cS this, there is always more or 

VOL. 11.-4 ' 
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less “ free acid ” in the salt: This ought ^ot to ^ceed *5 or 
• 6 'per cent. If the amount is much mgre than this it>* is 
most Ijkely tc> cause trouble whfen the nvaterial is loaded 
up' in sacks for transport, owing to thq' acti(/i of the ^ 1 d 
on the sackcloth, which eventually causes the bottom of 
' the sack to give way entirely. This is the more likely iT 
at the same time the salt is abnormally wet? The terms of 
contract for a 4 ^upply of this material usually stipulate that 
the^re shall be a minimum of 24 per cent, of ammonia, and 
that the salt shall be free from cyanide, by which is meant 
the ferrocyanide which causes the blue colour. 

The estimation of ammonia in sulphate may be mad(^ in 
the same apparatus as that in which the liquor is tested, and 
the principle of the test is the same, namely, that the 
sulphate, of which a weighed portion is taken, is decom- 
posed by the addition of sodium hydrate, its ammonia 
liberated in the free condition as NH^, which is passed into 
a measured quantity of a normal or standard solution of 
sulphuric acid. From the amount of acid neutralised a 
measure of the ammonia is obtained, each cubic centimetre 
of normal sulphuric^ acid neutralised ^representing ‘OJ./ gm.* 
of ^mmonia (NH.j). 

An example of an actual test is as follows : 5 gm. of the 
sulphate* were dissolved in water and diluted to 500 c.c. in a 
flask. After thoroughly mixing, 25 c.c. w^^re taken out by 
means of a pipette, and transferred to the distillation flask. 
^ This portion therefore contained ’25 gm. of the salt. ^A 
piodcrate excess of sodium hydrate being added, the dis- 
^ tillation whs gradually carried on for about three-quarters of 
^an hour into the bulbed tube containing 10 c.c. normal 
sulphuric acid. When all the ammonia was over, the U tubf 
was detached, and its contents rin.^ed into a porcelain basin 
— and^ titrated with a^, normal .solution ^of soda, 6’25 V.c. being 
requhed to neutralise the remaining acid. Henqc the acid 
neutralised by the ammonia liberated from -25 gm. of the salt 
= lO'ft— t)’35 = 2'G5 C.C., and 2'65 x ■fll 74 .= *062 gm. NH 3 . 

That is, '25 gm. contains '0G2 gm. ^ 

J 00 „ „ ’248, or 100 contaur ^**8 gm. 

ThaJ is, 24‘8 per cent, ammonia in the salt. 

The^ amount of moisture in' ^ujplthte may be determined 
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by weighing off 5 10 gm,, and drying in a water bath at a 

tenaperature of 100' C. for about two hours until the weight 
becomes constant The los^ represents moistuje. • ^ 

••The free ^ :id piesent is determined by dissolving 5 gin. 
of the salt in distilled water, adding a few jjrofts of methyl 
drange solution, and titrating with standard soda. If great 
accuracy is necossary, it is advisable to use decinormal soda, 
that is, onotenth the strength of the normal, or -004 gm. 
hydrate per 1 c.c. 

TJie sulphuric acid used in the production af sulphate of 
ammonia should be practically free from impurities, espeoially 
iroA, arsenic, and total solid residue, principally lead sulphate. 
The amount of total solids can be readily ascertained by 
evaporating a measured quantity in a weighed platinum dish 
— this should be done in a good draught cupboard — and 
finally heating up to dull redness in a gas muffle, or over a 
good Bunsen flame. If the amount of solid residue is 
excessive, the quality of the sulphate suffers. 

The iron may also be conveniently estimated in this 
residue by digesting it with concentrated hydrochloric acid 

until ^11 the iron oxieVe is dissolved, thep either determining 

• 

volumetrically by means 'of j- potassium dichromate or per- 
manganate, or by filtering off any insoluble matter, ^«[)arating 
any lead by meario of sulphuretted hydrogen, then precipitating 
• the iron in the filtrate, aftcY oxidation with a little nitric acid, 
by^ means of ammonium hy^drate, boiling, filtering, washing, , 
and finally, after ignition, weighing as tcrric oxide. The 
volumetric method is much simpler and tpiitc accurate. If« 
the amount of ironjs excessive it increases the likelihood of 
yie formation of blue salt (see p. 44). ♦ . 

The arsenic content is ascertained as follows : 10 to 30 c.c. 
of the atlid, or preferably an equivalerj: weight, are t^fken 
according the amount of arsenic suspected, and dilutee^ with 
about four times its volume of distilled water. Aboift 10 c.c. 
of sulphurous acid are^a(fded, and the whole boiled •ui\fil the 
smell of SO 2 hj^s disappeared, to reduce any arsenTc in a 
higher st^Ue of oxidation to the lower ansenious^ conclition. 

^The solution is. cooled and thoroughly saturated with 
sulphuretted hydrogen ^gas. ••The arsenic is thus precipitated 
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as arsenious sulphide, As.,S.^, and snould be left to settle, 
preferably over night. Filter through a tq^red- filter and wyish 
with hptewater containing a little^ H.^S'unti^, the washings are 
frel from sulphuric acid. Transfer the |^per ^id contentJiHo 
the water baVh, ^and dry at 100" C. until the weight becomes 
constant. TfiC arsenic sulphide should now be treated with 
carbon disulphide to remove any free sulphur. The residue 
should be agairj dried in a water bath until a constant weight 
is obtained. As^S., contains 60 Oil per cent, of arsenic, and 
from this wc'-may calculate the percentage of arsenic io the 
weiglit of acid dealt with. 

An average amount of the above impurities in the«de- 
arsenicated sulphuric acid used is as follows: — 

'I'otal solids - - - -05 to ‘07 per cent. 

Ferric: oxide - - - *015 to ’035 

« Arsenic ' - - - ml to traces. 

Manufacture of Concentrated Liquor.— This method of 
working up the ammoniacal licpior on coke works is now being 
extensively adopted, and in many respects possesses advantages ’ 
over the sulphate method. No acid is required, and ^s no waste 
gases are given off, tl\e expense of purification is dk.pensdc] with. 
Thh plant as a rule requires very little attention, takes up corft- 
parativcly^ little room, and less labour is required in the working 
of it. The principle is very simple, consisting of — 

ia) Distillation of the coke works liquor, as in sulphate 
man u file t lire. ^ 

, ih) Dcphlegmation of the vapoftrs to return the bulk of 
th^^ excess steam back to the still 
. (c) Condensation of the comparatively dry ammonia 

“ ' vapour, the result being a concentrated- solution, 

^ , the strength depending largely on the efficiency of 

the (lepblegmation. » ^ 

Absorption of any ammonia escaping from (c) in 
washers, scrubbers, etc. , 

An' efficient type, as manufactured by Mo^srs Brunner, 
Monef, & Co., is shown in Fig. .‘>0. It co'hsYsts q,f a series 
of absorl;!ing and Condensing vessels. A, B, c, fc, '£, and a 
cboling' vessel F. These absorfxng vessels are constructed ‘ 
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of cast iroi 4 the vai)oi]rs bein^ admitted by a dip-pipe w^th 
an 'efficient soreaciinij device to brin<^ about a thorough 
coiitact between the gases and liquids. Thfc tern[)tra<^re 



of each vessel emulated by the flow of cold water tli rough 
enclosed«cof)lmg coils of lead piping. The vessel A may be 
looked upon as* a, dcj)hlc<^riator, B as a main cc#iilenser, 
C, D, E as absorbers,, forming along with the coke tower p 
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ail, effective counter-current scrubbing system. 'Jhe vapours 
from the still pass through the absorbiipg vessels in the abf)ve 
order, tach ve^.sel containing about 2 ft of ‘liquid. ThC/to^fal 
depth of liqu^id through which the vapou'rs are^orced is about 
10 ft., as opp^),sefl to about 2 ft of acid in sulphate making. 
The pressure on the top of the still is thus higher in the case 
of concentrated liquor, and provision for this must be made 
in designing thh still. In the plant described the gases from 
the still pass into the first absorbing vessel A. Here they are 
cooled by coils, through which cold water or (as shown fn the 
drawing) cold weak liquor is run. Thus the first vessel may 
be used as a superheater. As the bulk of the condensation 
takes place in this vessel, a great proportion of steam is 
condensed, and the liquor from this vessel is usually run back 
into the still through the cock M. The temperature in this 
vessel is too high for complete absorption of ammonia, and 
the gases pass on through the other absorbing vessels, B, C, D, 
E, in the order named. The temperature in these vessels is 
controlled by cooling coils (not shown in sketch), and the 
whole ol the ammonia is absorbed. The gases, if any, fron^- 
the final absorbing ‘vessel E pass through a c<jJ<e toWer K, 
dov^n which a small stream of cold water runs. This watec’* 
takes up the last traces of ammonia or sulphuretted .hydrogen, 
and passes bn through D to C, taking up moj^e ammonia in its 
passage. It will be seen that the liquor from B also flows 
to C. Thus the liquor in C is the final liquor, but to avoid ' 
* loss by volgtilisatian, the liquor ss cooled in vessel F before 
passing to, the store tank H. 

Besides a<nmonia, carbon dioxide and sulphuretted 
•hydrogen and hydrocyanic acid are absOfrbed in the various 
* vessels, and the final concentrated liquor is really a mixtuil* 
^ of rmfnoniurn carbonate, ammonium sulphide, ajjimonium 
hydrate, ammonium*'cyanidc, etc. ‘ 

The^total ammonia in the liquor by the abov^ plant may 
be brougjbt up to 17 per cent., butf it is not advisable to go 
beyonU this point, as the tendency Vo crystajl^lise increases ” 
rapidly, and there is danger of stoppages iir‘:iie pipes, chiefly 
through artimonium carbonate. In satisfactory Wex^king the 
pressures" on each vessel should ^pho\y a gradual decrease to ' 
atmospheric pressure, and the temperatures on the. vessels 
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should alscj decrea^se uniformly. The following figures show 

arNaveragc v;orkirg : — • 

Pressures : — , • 

t * • • 

To^) of still. A. 11. C IX K. ' 

, 12 O.l to 10 7^ to 8 5 to 6 5 to 1 in. ineirury. 

TemperatuHs : — 

Top of still.* A. H. (' , j) F. 

100" C. 80’ to 85° 70° to 75" 50° to 55° 10° 25°. 

Per cent, of aunnofiia : — ^ 

• A. II. r. I). K. 

10 per cent. 15 per ( cnt. 17 per cent. 15 per cent. 4 per cent. Nllg. 
A typical analysis of a concentrated liquor is given below : — 

Ammonium carbonate - • 55 0 per cent. 

., sulphide - - 5*t) „ ^ 

,, hydrate • 4'0 ,, 

,, cyanide - - •! ,, 

Aw mourn, as Nil, - - - 17*0 ,, 

A pr»q)on(!er,ince,()f <iininoninm carbon.ite will Tie noticed. 
If the wefk lupior from the coke pkint contains excessive 
proportions of carbon dioxide, ammonium c.irbon^e is 
deposit^ in the coolers and piping in a troublesome manner 
if the degree concentration exceeds about la per cent, of 
ammonia. In some cases a portion of this carbon dioxide is 
removed separately, allowdng a higher degree of concentration, 
.say up to 25 per cenj:., \thilst in rare^ instani:cs the whol5 
of the carbon dioxide as well as sulphuretted .hydrogen is 
removed, the production of fairly pure aqueour^ ammonia being 
then aimed at. A great proportion of the carbe^ dioxide, •as 
well as appreciable quantities of sulphuretted hydrogen, may* 
be rfrr€)ved by means of a preliminary heating. ^f«th^ weak 
tiquor. .Thus at a teTnperature of aboTit 95 ’ C. we can drive 
off these objectionable gases along with onl \^ slight yroportions 
of the ammonia. The foul gases evolved may be Jed into the 
foul gas main, or nSay be passed through an acifl seal to 
retain a^njotfia, the remaining gases being led off by a vent 
pipe. •Tfie hot, partially purified liquor may tlfcn be treated 
in an ammonia sfill iu thc#panncr already describe*d/* • Angther 
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method of removing carbon dioxide is to pass the (gases after 
depldegmation through a washer fed a continuous stream 
of mijk pfdime,^vhich may then be admitted 'lO the still in tl)e 
usua\ manner. If the purest product is scnight, /Excess of lime 
is necessary, arjd tuvo or three washers are used. Permanganate^ 
of soda or ferrous sulphate may be used to remove the last 
trace of H2S. Tarry matters, pyridine, etc., are removed in a 
heavy oil washer. After passing through a final charcoal 
filtei^orcoke scrubber the purified ammonia gas is absorbed 
in distilled water, giving a water-white aqueous ammonia/ 



CHAPTER VI 


“DIRECT” PROCESSES OF AMMONIA 
RECOVERY 

• 

Until recently ammonia vva^ almost entirel}^ recovered at 
coke plants by a water absorption system as clescrilfed in 
previous chapters. This process is attended by certain dis- 
advantages. A low temperature of the gas is necessary for 
efficient recovery ; varying quantities of water are introduced 
into the scrubber, increasing the bulk of licjiior which with 
washed coals is, apart from this addition, a serious item ; liiani- 
pulation of the liquor from various points leads to losses from 
evaporation, etc. ; whilst the increased bulk of liquor necessi- 
tates a heavy steam consumption in the stills, and an ex- 
cessive quantity of spent liquor. In some cases^ an acid 
waslftr or s^'rubber is substituted for the*usual water-fed t) pe, 
the solution of ammonium sul])hate being evaporated t« the 
crystallii^ng point or used up in the sifturator, but these 
processes do not appear to have made hea(hv^y*in coking 
practice. In considering ammonia alone the thermal losses 
in*(^) cooling the gases and (/») distilling the liquor represents 
reverse of economy, anfl to minim isa these lt)sses, Brunck 
in 1903 attempted to recover ammonia in a “direct” syste^m 
by passing the hot gases through sulphuaic acid. The 
process at the timfc failed through the inefficient^ removal »f 
tar from the hot gas, giving rise to dirty sulphate,Ti^ since 
then efl^'Ctive tar extracting systems have becn^^l^veioped 
and tfie drawback of discoloured sulphctte has been removed. 
Efficient tar extraction fs a i)rime essential, and is brought 
about by frictional methods, such as (a) intimate contact with 
a spray of tar, creosote, or liquor, (/?) centrifugal methods, (c) 
bubbling thro*^h hot tar, etc. Another essential is tlie pre- 
vention«o? condensation of the water vapour b(?fore leaving 
the saturator. Ter tljis pyy)ose the gas, up to its* 9rj:ry ijito 
the saturator, must jpe kept at a temperature above the dew 
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point’ at any particular plant. This dew point varies with the 
^ moisture contents of the coal and the ^ proportions of water 
vaponr iLnd fixed gases in the mixture enterhig the saturator. 
Witii washed coals the figure is usually ini the region of 80® G., 
whilst with drif/ c^xals it approaches 70® C. There is thus a^ 
decided gain in thermal efficiency in cooling the gases to, say, 
80® C. instead of 25° C. However, as it appears probable 
that benzol recovery will be an essential part of a modern 
by-product plant in future, we must consider the ammonia 
question in conjunction with benzol. Thus in benzol recovery 
we must cool the gas to 25® C. whatever process of ammonia 
recovery is used, and if we are to reduce the temperature* of 
the gas to this extent after the saturator the gain in thermal 
efficiency disappears. 

There is an advantage in cooling after the abstraction of 
ammonia, as the condensates are then practically free from 
ammonia and constitute an effluent free from lime, requiring 
no settling pools, and of considerably less volume than obtains 
in the older indirect processes. Other direct processes recover 
the tar a's in the older systems, by gradual cooling followed, 
by some form of tar^extractor (usually of the in^pact 4ype). 
Under these conditions the water vapour is also condensed,, 
ind the liciuor produced, though lessened to the extent of the 
imount oY v^ater formerly added in the scrubber, must be 
treated with lime and steam in the usual manner. Ammonia 
is expelled in the free condition and is admitted to the main 
^^as supply, \Yhich then passes through a saturator. This type 
uf plant m^y be more correctly termcVl a semi-direct process, 
since an appreofable amount of liquor is made requiring lime 
and steam, and a separate still, whilst in l^he true direct pro- 
cesses^ only inappreciable quantities of liquor are produced,* 
uwing ta tl\e higher temperature in the initial stages. Though 
naphthalene troubles*-are not unknown in indirect and'semi- 
:lirect processes, the gradual cooling removes some naphtha- 
lene by way of the tar, and the trouble is not as acute as 
sometirr.cs experienced in direct plants. In m^ny cases the 
latter adopt special means for removal of im$ilithalenc after 
the saturator and prior to the' benzol scrubbing syst»efii. Both 
direct a,n‘J‘ semi -direct systems off^r adyankages as compared 
with the older indirect method, tut as ^o the relative tnerits 
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ol' 4irect and semi-direct plants, definice advantage^ peculiar 
to one system arc counterbalanced by pqiially definite dfs- 
advaniagtes^, and •so far the writer, from observations at several 
plants of both^types, is unable to express* any [/leference for 
either type. T^\e Various modifications of these processes are 
described seriatim : — 

The Otto process (Fig. 31) removes the tar by means of 
a specially designed spray extractor after a preliminary 
regulation of thO gas temperature by means of an air cooler A. 
The heaviest tar is condensed in the gas main and is removed 
by means of the tar catch tank it designed for easy removtxl 
of pitch deposits, etc. The essential part of the .system is 
the extractor C consisting of a vertical ])ipe 6 to 8 ft. long, 
slightl)' conical, the dimensions being determined by the 
nature of the liq6.id used for spraying. On the Continent tar 
is usually used, but liquor has been used in this country to 
good effect.^ 

The liquor or tar is circulated by the centrifugal pump 
I) and coll 2 cts in the tank below the spray, the excess over- 
flowing to the store lack. Any chloride* of ammonia ])rc;^’ent 
is scrubbed out along with the tar and dissolves in the liquor. 
Mr Turves states that ammonium chloride is not so effectively 
removed v\dien tar alone is used. He points out that the 
extraction of the tar is [)urely frictional, and fne temperature 
of the liquor is too high for free ammonia to be di.ssolved, 
;vhil.st it is evident that if the temperature of the g^s and 
liquor *is kcf^f just at the dew point, ‘neither deposition nor 
eta{)oration 'of liquor will occur. He further states that the 
separation of heavy tar is complete between 70'’ C. and 
^80" C.j^inb Tests of the tar showing at the same time that 
onl}' inappreciable quantities of light oil are absorbed, the 
‘latter ’^pass'rflg througl; the saturator l*^ The propOftian of 
ammomum chloride entering the .saturator is ve^y small 
under the.st conditions, whilst the writer’s tests on salt, made 
with tar^sHi spra)nng medium, indicate that the chloride is 
only partially decomposed and is deposited witj^the sulphate. 

• • 

^ “The Al^pluation of Coke-Oven Carbonizing and (5tt^ Direct 
Ammonia^' Kecovery to (bas Woiks’ pesjuirejnents,’^ G. T. Purves, 
^.M.I.C.K., Inst, of Gas Eng., Jitne 1914. 
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After passingl the ^saturators the ammonia-free ^^as is 
treated in^ a specially desii^ned naphthalene scrubher by 
a series of po\\,erfu^ water jets. I'he water descends and 
carries down^with it some of the naphthalene, which n* ajf^then 
be recovered from the catch tank (). The now enters 
•the exhauster il, which forces it forward throii-^h a cooliuL; 
system and a •benzol scrubbing- system, and thence back to 
the ovens.* The saturator for this and other direct [)iocesses 
is designed on a much larger scale th.in the ordinary t>'pe, 
since in addition to the ammonia evolved tlvc whole of the 
gas from the coke ovens must pass through this a[)para^u.s. 

• The Simon -Carves direct process (Tig. ^^2) aims at the 



which are dependent on the centrifugal action on constitiKmt‘ 
of varying specific gra'*ity. Owing to tlie greaft (lifferfmce ir 
specific gravity of the heavier tar and gas, it has been foiiiic 
that a centrifugal separator of the cyclone type without an> 
moving, parts is suitable for the first stage deal^ai^^th t7u 
heavier tars. The gas enters the cylindrical poition of. tht 
cycUine^eparator A. dirough a tangci^jlial inlet, ^«*ac?ion o 
the exhaiister imparting a rotary motion to the gas. .This i^ 
maintained by reason of the conical sha{)e of#the lowei 
portion counteracting $ie gradually diminishing •velocity o: 
the gas, whfch leaves the ap|)aratus through a centfal outleJ 
pipe extendiilg some distance below the cover to pret^ent an> 
interference wijh the cyclonic action. T. he drops of tar are 
thrown outwards’ tOvvard%*the [)eriphery of the st^jarilti^r, 







'Fig. 33. — Kopphr^* Ammom \ Keco\ ery S\stlm. 
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depositing the bulk of tar and liquo^ by dDndensation. The 
gaG rs then drawn by an exhauster and driven rforward tc 
a tar extractor of the impact type (vertical or horizonfal), 
in vv^iicli the last traces of tar are eliminated. 

After leaving the extractor the gas q:)asses through a" re- 
heater, whereat becomes heated to such a degree as to permit 
of the gas being delivered direct into the , saturator. The 
ammonia is extracted by direct absorption, and t}ie sulphate 
produced is ejected in the usual manner. Any liejuor pro- 
duced in the, preliminary coolers is treated in a still with 
addition of lime, the heat for this and for the rehcater 



being supplied by the exhaust steam from the engines driving 
the exhauster, 

Ig the irrethod adopted b)' the Coal Distillation Co., the 
gas is cooled ig the usual manner, and the last traces of tar 
eliminated in a Pelouze and Audouin extractor. The com- 
piressipr* ^ the gas in the exhauster raises the temperature 
abput 10'^, and this addition, along with the heat of reaction 
in the sYi^^drator, prevents condensation of water v'^pour in 
the saturator. The after-treatment of the gas is on the 
lines alrCf^dy indicated. If the gas is required for lighting 
j)urposes, the vapours from the ammonia still, being rich in 
sulphur* compounds, are fed into a separate di ision of the 
saturator, and the foul gases are led away by a'special curtain 
and are not introduced into the gas stream. 

' The Coppe^e process (Fig. ;U) h conducted on similar lines 
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no reheating taking pl?l:e, hut in this case the vapours •from 
the* still are carried through a drier which returns excess 
moisture back tu Lhe still, allowing relatively dry'a^niponia 
gaSi to enter the main gas strc.iin. A more recent devtilop- 
inent of this principle is adopted in the prc«ce4 installed by 
the Coke Oven Construction Co. (Fig. Ik")). Tlic gases pass 
through a coolilig system, exhauster, and tar extractor in the 
usual manrier, passing thence directly to the saturator. 

The liquor separated fn^m the condensates is woikeu up 
with lime and steam in the ordinary way, ancf the ammonia 
vapour is admitted to the main gas stream on the inlet j^de of 
thi? saturator. The resultant mixture is then passed through 
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a ^ater separator. The object of this is to restore the 
y^quilibrium between the ggs and moisture content, and to ' 
’ensure a purely saturat^fd condition to the mixture entering 
the saturator. Thus, {)rovided the tem[)eratufe is maintainecT, 
the gas will carry tlie moisture through the saturator withoiit 
deposition, and since the heat reaction in this case Ts positive, 
there is a definite margin of temperature, allowing for r,idi|itTon 
losses# 'fhe British (^)ke Ovens Co., 4.td , have aclopted a 
modification (Fig. dO), in which the essential points of difterence 
lie in the means of supplOng the heat to exqiel the^ammonia 
from the condensates. »Iif^he first place, the liquor oifits way 
to the still passes through the apparatus A in which it 
heated bf ^rfeans of flue gases (waste heat ) from the ovens. 
The heated liquew then passes downwards through still.in 
which the ammonia is expefled by^ current of gas deflected 

VOL. II.— 5 
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Fig. 36. — British Coke Ov ns Direct Recovery Plan^. 
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from the main stream by a throttle valve after the exhaiisti^r, 
This^subsidiary strearrfof gas is heated in a gas rchci^tcr B by 
means of flue gases. Thus no steam is required, and^ the 
ammonia vapours from the still pass into the niain gas stream 
which is then treated in the manner already de.'^cribed. 

Messrs Baglijy, Mills, & Co. (Fig. .‘w) utilise the princij)]c 
of heat transference by actual contact between gas and liqiioi 
on lines somewhat similar to those applying in the case of the 
ammonia recovery system in connection with Mxond producci 
^as. The gas from the ovens is cooled in the condenser A 
fittc^l with a series of perforated baffle plates. Cold liiium* is 
admitted by sprays at B, and owing to the counter-current 



Fig. .37. — B.ig'e , Co.’s Direct Recovery Mant. 


syitem, the intimate contact cools the ^gas fnfin 100” to 
approximately 35° C., becoming itself heatc^l from aboift, 
25° to 90” C. The hot liquor is separated from the tar and 
is sprayed into the vessel C, in which the heat thus abstracted* 
iii the* first vessel is returned to the gas, which is raised ya 
temperature td about 80” C., whilst the liquor is again»*co(fled 
:o about 25°^C. Any fit;e ammonia is tatcen up by the gases, 
vhich in a fully saturated condition enter the saturytor. If 
;hese two vessels alone wene used it is obvious that the liquor 
-vould gradually be^omt^ hotter until the efficiency ?)f the 
:ondenser A as^a cooler and tar extractor would disajapear. The 
iquilibrium fe, however, maintained by an intermediaj:e cooler 
3, in which the gas? teinpei«4ure is controlled by external 
vater circulation. Frec^amfhonia is itjtained in the gas, whilst 

^ ft A 
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tlfc circulation of the liquor rcsults’ in a solution^ containing 
fixed amnnonia compounds, which may /occJisionally be treated 
for i;ccovery of ammonium chloride. The water vapour origin- 
ally in the h^>t gases is condensed, but r^vaporised in C to an 
extent governcfl by the temperature at the exit. The differ- 
ence would have to be removed occasionally, but by by-passing 
some of the cooled gas to the system at E a larger quantity ol 
water vapour can be carried, the efficiency being increased by 
reheating this branch stream if desired. 

^n the preceding processes sulphuric acid is required and, 
in the great majority of cases, is secured from external sources, 
Apart from the .idditional expenditure incurred, this state ol 
affairs is m'uch to be regretted from the standpoint qf national 
economy. In the majority of cases there is sufficient sulphur 
in coke oveq gas at any plant to more than satisfy it!- 
req'uirements of sulphuric acid, but with very few exceptions 
the sulfihur is not recovered. It is probable that with a more 
extended field for coke oven gas for lighting and power a 
greater, proportion of this suljihur will be recovered in the 
ordinary method pf purification by oxide of iron. Thi.^^ 
method is an intermittent, and attempts have b'^en nfade tc 
« recover the sulpl^ur in a continuous method and ;n a condition 
capable g)f /:ombining with the ammonia in the gas. A suc- 
cessful process on these lines and on a, commercial scale 
would have more claim to the title of a “direct” process than 
any previously mentioned, but although the Burkheisef and 
Feld [iroce'.ises aim at this laiKkiblc object, they have not )-et 
obtained m fopthold in coking practice. In the Burkheiscr 
process the gases are washed with water containing finely 
' divided^7xide of iron in suspension. lrdn-sul[)hur compounds 
qre produced, as well as soluble alkali ])olysulphidps artd 
su^phocyanides. Tjie solid sulphides are recovered, dried, 
and. roasted, giving a mixture of and The^gas 

from tl^c oxide of iron washer [lasses through a saturator 
charged with acid ammonium s/ilphite, which absorbs the 
ammonia, forming a mixture of noi^maUamn|onium sulphite 
and Ummonium sulphate. A portion of the normal sulphite 
is utilised to absorb the SO, and SO from •ttic roasting 
'process, becoming converted ipto acid sulphite, which passes 
to the main saturator, alid thus alts as the agent whejeby the 
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sulphur compound? in the g;is arc made to absorb ammonia^ 
in a self-contained process. The salt produced is o.xiclisc'd 
by air to ammoit'um ^ulpliatc. The reactions arc complex, 
but may be summarised as follows : — 

Absorption of HoS : — 

Fe,0, + '^H>S-Fe,S, + 3H,0. 

Regeneration of iron compounds : — 

Fe,3^ + 90 F'e.^Oj 4- 3 SO 2 . 

Transference of SO 2 : — 

SO 2 + HoO 4- - 2NH,tTSv/3 

Absorption of NH^ : — 

• NH,4-NII,HS03-(NII,)oS08. 

Oxidation of sulphite : — 

(NHA.S 03 + 0-=(NH,),,S0,. 

In the Feld process the ^^as is washed with a solution of 
ammonium polythionatc which absorbs ammonia, becoming 
itself converted to ammonium thiosulphate accompanied by 
denosition of sulphur.^ The thiosulphate is regenerated by 
trearmenl \Wth SO., and again passes to the ammonia absorber. 
The ammonia content of washing lifiuor gradually incic^ases^ 
and a portion is removed from time to time and tieated for 
the recovery of ammonium sulphate. 

^The reactions may be indicated thus : — 

Absorption of N 1 1.. : — 

2N H 3 + ll.^S -I- ,0, ^ 2(N1 I^A 03 4?5. 

Regeneration of washing lifjuor: — * 

2(NH4)2S^03 + 3S0., + S = 2(NH,)2S,0,; 4- S. ^ 

’ Q^nversion to sulphate: — 

^ (>ri I,). 2 S, 0 , 4 - Heat ^ (NH,). 2 S 0 ^ 4 - SO., 4- 2S. 

• The SO, is used f?)r further regeneration, the sulphur is 
filtered off and converted to SO.,, whilst the .sfjution of 
ammonium sulphate is^ evaporated under vacuum for ^le pro- 
duction of cr>stals. • ^ 

Anotl^r process has recently been introduced ^y Pfofessor 
J. W. C5bl?, Lee(Js ‘University, in which it is proposed to wash 
the gas with a solution of*ainc sulphate, the ammoina being 
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^retained as a solution of ammoniunjf, sulpnatc, the zinc being 
precipitated by the II.^S in the gas as zinc sulphide. ^The 
latter, on roasting in air, forms sulphatb ano! oxide, liberating 
sulphur oxides which arc blown through water containing 
previously roijsted material in suspension'^ The zinc is thereby 
reconverted tO a solution of zinc sulphate and is reused, 
thus completing the circuit. The reactionr. may be thus 
summarised : — , 

Absorption of NH^ : — 

2(Nn,p + H,S 4- ZnSO^ = ZnS + (NHJ^SO*. 

I^egeneratien : — 

ZnS + 2 O 2 = ZnO + SO., + O (in roaster). 

'• Zn0 + S 02 + 0 --=ZnSd 4 (in absorber). 



CHAPTER VII 


DISTILLATION OF TAR 

The roal tar obtained at coke works is a bla^k viscous fluid 
of a specific gravity usually varying from L 1 to 1'2. It 
consists of a very complex mixture of compounds, Chiefly 
hydrocarbons, but in some cases associated with oxygen, 
nitrogew, sulphur, etc. The manner in which these elements 
combine is uncertain, the nature of the compounds being 
largely influenced by the temperature of the coke oven. 
The yield of tar varies considerably, being mainly dejjuiidcnt 
on the nature of the coal treated and the temperature of 
the retort. The constituents of tar may be grouped as — 

1. Hydrocarbons — (^z) Paraffin series, (/;) Benz<fne series. 

2. bq^^lies cuntaifiing oxygen, tar aHds, etc. 

3. Bqdies containing nitrogen, ammonia, pyridine, rtc. 

4. ^Jodies containing sul[)hur. 

5. Pitch. 

G, Free carbon. 

The proportion of the above groups is not by any means^ 
constant, but depends, very largely on “the t^nperature to 
which the coal has been subjected. The effect may be betl^ir 
understood by considering two actual temperatures of coal 
distillation on a commercial scale. Dealing with a I5w 
temTperature^ (about 500" C.) as in coalite processes, ^tc., 
the t^ir i« recovered in greater quantity, amounting* to^\bout 
io gals, per ton of coal, and is very fluid as well as«of low 
specific gravity. It is rich in hydrocarbons of tjie paraffin 
series, which are valyal^e as solvents and motor snirit, but 
is deficient m benzene hydrocarbons, hence is of little vaW: 
to the ilye* industry. This low temperature tjr is* rich in 
tar acfds, but Jias a comparatively low conteiU of pitch. 
This is compensated for, tVsome extent, by the better quality 
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of this pitch, which possesses^ an exyeedin^gly low content of 
free carbon, rendering it much more valuable for^ insulation 
purposes,, etc. With cannel coal, even at higl^er temperatilres, 
the tar^ usually contains paraffin bodies. At higher tem- 
peratures the^.tar recovered is not so fluid, is lower in the 
light oil fraction, contains more [)itch of lower quality, and" 
is recovered in less quantity, averaging a,bout 10 gals, 
per ton of coal. Typical analyses of tars obtained ,at different 
temperatures are shown below : — 


Composition of Tar by Weight. 


Ammoniacal liquor - 

L20 

i-o:i 

1-04 

1 01 

0-38 

Crude naphlhti - 

B-17 

0-65 

3-73 

3 45 

‘ 0 99 

Light oil - - . - 

10 50 

7-46 

4-47 

2 59 

0 57 

Creosote oil - - - 


25-83 

27-29 

27 33 

19 44 

Anthiaccne oil • 

20 

13-47 

18-13 

13-77 

1 12-28 

Pitcli, 

28-20 

36-80 

41-80 

47-67 

64-08 

1 Specific gravity - 

1-08 

i-io 

1-11 

' 1-15 

1-20 

1 Approximate temperature - 

1 

600' C. 

700'' C. 

850° C. J 

950” C. 

1,100° C. 


, — Z. T. Wright, 

» » ' 

The constituents of tar have widely varying boifmg points, 
''"me of the more ijn[)ortant being described belovf : — ' 


Constituent. 

Bolling Point. 

h'onmila. 

Beti7ene 

80 5 ’ 

Cfillg ‘ 

' Toluene ' - »- 

no 

QIL 

Xylene . . _ . 

138 to 142 

t hL 10 

Naphthalene 

218 . 

Li()l C 

Anthracene 

360 

^ 14 L 10 

Pyridine - - - - 

117 

CdCN ♦ 

*C^iboLic acid - - - 

181 

G,11,0 

Cresylic acid - - 

188 to 200 

C\IL(S 1 

Caihon disulphide 

47 

CSo 

Thiophen - - - - 
Aniline ' - - - - 

1 

84 

CJLS 

182 

« 

< 

c;ii,N 


By r'eason of the difference in the boiling point«s of the 
various compounds, tar may be readily split ,up into 'groups 
of tompounds by fractional distillation, a rough separation 
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being obtained by coll^K:ting twe distillates at the following 
temperatures to form definite “ fractions ” — * ^ 

1. “ Light oil ” - Collected up to 170° C. • 

. -2. “ Middle oil ” - „ between 170° and ^30° C. 

3. “Heavy oil” - - „ „ 23(^“ and 270° (^. 

4. “ Anthracene oil ” - „ „ 270" and 300° C. 

5. “ Pitch • - - Residue left in retort. 

Though a laboratory method on a small stale may indicate 



corrfparative^ results, it is scarcely satisfactory in estimating 
yields oivarious fractions obtainable oy a large sca4e, though 
it is very often convenient to make use of laboratory tests as 
an approximate guide to the nature of the material being 
dealt with. Whenever [Ibssible, a small still capable of dealing 
with, say, luO gals, in much to be preferred, • If this is ii^ 
practicable,. a useful test may be done on a la^oratbry scale 
with apparatus ^such as shown in I'ig. 38. At lc£^t 1 litre of 
tar should be used. 
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The retort is of iron, vvirf; suitable flailges for making a 
gas-tight joint, and a small opening in the upper part for the 
insertion of a thermometer. The retort is <eithcr supported 
on a .sheet-iron screen which surrounds the lower part of the 
retgrt, or stancis on a strong tripod inside^ the screen. Round 
the up})er portion of the retort, below the flanges, a ring 
burner is fixed which serves the very useful -[purpose of first 
heating the U[)j)cr j)ortion, and driving off the water without 
frothing. Another burner is placed under the base of the 
retort, and serves for the distillation proper. It is advisable, 



Fig. .39.— Gener.il Arrangement of Tar Dotillinf; Plant. 

< % 

in the earliec'stages of the distillation^ to keep the retort neck ' 

a^; cool as ^lossible. The whole is connected to a suitable 
condensing apparatus: in many cases a [ong iron (or glass) 
tube i^ sufficient. After the light oil stage the retort neck^ 
may be^ allowed to warm up to prevent blockages I'rom 
naplithalt^ne, and in the later stage (/’.c., anthracene) this outlet 
tube m'ay require to be warmed externally to keep the dis- 
tillate liquul. The various distillates may be measured, and 
the pitclj', Vvhilst still fluid, may be pogied into a tared dish 
2 h.d weighed when cold. 

A typical plant for the distillation of tar on a’cpmmercial 
scale is shown in Fig. .‘59, a tar still in detail being shown in 
Fig. 40. The still A is constructtcl of mild steel plates, the 
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bottom being dislied to preedit a greater area to th^ l^at 
frojTi the ^ratc The flaine, after parsing underneath the 
still, rises in a s^jiralVlircction round the sides and passes into 
tl-we chimney Hue through an opening fitted with a d.'iinper. 
The vapours evolved pass off through the |:ast-iron sivan- 



Fie. 40 T.ir Still. 


^neck fitted with a safety valve (’ intcva coil passifig througl 
a primary still li. This primary still has been prcviousl) 
filled with cold tar, which thus becomes prcheate&l by the ho! 
vapours from A. utilising two stills in this in^piner con 
siderable economy effected, and the water and a jiGrtioivo 
the li^h^er oils in the primary still pass off and*are scparatel) 
condensed in t%ie cooler K The vapours from tkepnain still 
after passing through tj.ie* primary still, are completely con- 
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iensed in F. The products f/om theji>e coolers pass through 
nspection overflow boxes ii and J to any desired <store tank 
hC, according to the number of fractions Mesiiied, the “change 
3ver’'^ point being usually determined by the specific gravity 
Df the distillati'. After the light oils ha^v^e passed over, the 
kvater in the condenser F is shut off, allowing the temperature 
to rise, as otherwise naphthalene, which is soVd on cooling, 
kvould obstruct tl)e pipes. The successive fractions«are taken, 
ind Jowards the ond of the distillation steam (which must 
be dry) is blown into the still through the distributing pipe 
M (Fig. 40), to assist in the expulsion of the oils of high boiling 
point, and to prevent the formation of carbonaceous residue 
m the bottom of the still. When tests show that the liquid 
fractions are expelled as far as desired (according as ‘hard or 
soft pitch is aimed at) the fire is drawn, and after a few hours’ 
:ooling the pitch in a molten condition is run off into the 
:oolei* N, the fumes from which [)ass into a purifier. The main 
itill is then refilled with tar, already in a heated condition and 
Jeprived of water and light oils, from the primary still, which 
'n turn is^filled with cold tar, and the })rocess is continued. 

After a time, wheo the evolution of ei^crid fumes has ceased 
ind tl'^e pitch is still li([uid, the contents of the pitch cooler 
ir€ run off into pit(,'h bays P, and allowed to solidify. 

In somp c;'ses tar is prepared for the treatment of ‘roads as 
1 constituent of tar macadam or for surface tarring. The 
specifications of tar for this purpose, as issued by the Road 

Board in their “General Directions relating to the Tar Treat- 

• '■ 
ment of Roads,” are f^n’ven below : — » * 



No. 1. ‘ 

No. 2. 

c 

Surface Tarring. 

Tar Macadan^. 

Below LTtP C. 

(Under 1 per \.eiU 
t(e.xclusiveof watei) 

Under 1 per cent.« 
(light oils + water) 

170“ to 270' gg. 

270° to 300' p. - - - 

Total bct\< een 170° and 3U0° C. 
Kce carbon - * - 

Middle dils to be free from 

16 to 26 per cent. 

3 to 10 « „ 

24 to 34 

12 to 21 

30° C. 

12 to 18 per cent. 

1 0 to 10 „ 

21 t^) 26 „ 

12 to 22 „ 

•2.V% 

naphthalene Vt - 

And to co^t^n tar acids 

Under 3 pei cent. 

Under 2 per cent. 
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Usually a distillation of tVie tar up to the removal of 
water ancf light oil is sufficient, and the process is much 
simplified. • 

* The process described is an intermittent one, but \;arious 
^ attempts have been made to distil the tar a contiiuious 
fashion with more or less success. In some bf these systems 
the tar passed through a series of stills in com[)arativcly thin 



Fig.«i 41. — Continuous Tar Distilling Plant, (W.C. ^^o^nes Si Co.f • 


lasers. These stills are maintained at successively hight^i 
temperatures, so that light oils arc expelled in the Jirst vessel, 
mitidl(?oils, etc , in ^he second, andr^oon. The Various dis* 
tillates are condensed in separate coolers. In some cases the 
tar is heated in a serpentine coil until a pitch ttmperaturc h 
reached, I'hc mixtjd vapours are then fractionally condensed, 
heavy oils corning l^lown in the first condeftser, light oiib in 
the ^ctnd. Again tar, after preheating, mayi^e sprayed into 
a vessel in a ftnely divided state and treated with .^uperheated 
ste;im. Under th^se gondition:^ the high boiling constituents 
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distil over at lower tc'mpcrati^res, mojtcn pitch bcin^ run off 
continuously. Sometimes a continuous plant or a 'portion of 
it is worked under a vacuum to brini:^ the oil^^over at a lower 
tem[)ej'aturc. In all cases there is a considerable amount of 
heat carried away, first by the vapours^ passing off at in- 
creasing temperatures, secondly by the hot molten pitch, and 
an economical continuous process must rely 'largely on a 
satisfactory recuperation of this heat. A good e/Cample of 
this i'-' shown in the Ilird continuous process (Fig. 41, \V. C 
Holmes & C'o!, Huddersfield). In this plant the tarfrom 
the store tank passes through four heater-condensers in 
succession, meeting in e.ich case a gradually increasing 
tem[)crature from coils through which vapours from the stills 
arc passing. Owing to the somewhat lengthened contact 
the tar becomes heated sufficiently to give off vapours in 
these vessels, the vapours uniting in a common collecting 
main and being cond(Mised in the water-cooled vessel K. A 
further exchange of heat occurs in the pitch cooler. . . . Here 
the pitch is cooled sufficiently to be discharged directly into 
the pitch .bays, whilst the incoming tar leceivcs a further 
addition of heat. The 'tar, now already iii’ a heated <;'ohditidri, 
passes .through a series of horizontal stills i)l, 2^.4, and 4, 
its 'course through '■these stills being lengthened by baffles. 
The tar is healed in the first three vessels by producer gas or 
coke oven gas, the burnei tubes being embedded in the tar. 
The far is in shallow layers, no portion of it being mor6* 
than six inches from the source of heat, whilst the vapour * 
s{)acc above ^he tar is amply proportioned In the fourth 
veseel the products of combustion from the first tl>rce stills 
supply’ the heat, whilst the extiulsion of the anthracene oil 
^s assisted by steam injected at II. The vajiours frpm 
veach ^.till pass through their corresponding heater-conden.sers, 
and are thus economi:ally partly coojed, the final con- 
densation being brought about in the water-cooled vessels 
k1, 2, 4, 4, etc. The conden.sates pass through the various 
seal boxeSf as shown to their respective rtore tanlfs, any foul 
gases being parsed through the purifier. ' It will be seen that 
in certain specifications issued by the Road Hoard, one of the 
constituents specified is free carbon, from whidh it evidently 
is regarded as an importapt factor r-in ,die durability and 
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binding qualities of tar^ used i^ road-making material., 
estiyiation ^nay 1:^ made by dissolving out all the soluble 
constituents of t^e ta*r by means of solvents such As^hcu/.ol, 
carbon disulphide, pyridine, xylol, alcohol, aniline oil, etc# 

The authors hav6 found an ordinary Soxlllet ppparc>tus 
very suitable for the purpose Ten gm, of* the tar to be 
tested arc weighed off into an ordinary filter thimble, which is 
placed in the upper part of the Soxhlct : the flask is half 
filled with benzol, and heat ajiplied by means of a water Iiath 
on whiTh the flask rests. The benzol is volatilised, and jiasscs 
up into the higher portion of the apparatus through r* side 
tu6e, where it condenses and drips into the thimble containing 
the tar. ^ In time the liquid reaches such a leve[ in the ex- 
traction part as to siphon over again into the bottom flask, 
and the whole process is repeated. This should be allowed 
to go on until the liquid siphoning over is practically cojour- 
less. Now substitute pyridine for benzol in tiie lower flafsk 
and repeat the extraction. Additional heat will be required, 
and a bath of linseed oil is used instead of water. After 
several pyridine extractions substitute methylated spirit, and 
exti*act cts^prcviously*until colourless. Vinally take out the 
filter thimble, dry in water bath, and weigh. Instead of^ising 
the Soxhlct apparatus, good results may be^)btaincd by direct 
treatment on an orrlinary filter paper in a glass fumicl, wash- 
ing with hot bcifzol, or xylol, pyridine, and alcohol in succes- 
sien, until the final washings are colourless. The authors 
.have ured both methods wy:h fairly concoj'dant results. 

The specific gravity of tar varies considcraf)ly, and m^ay 
be ascertained by means of an ordinary •specific gravi^ 
bottle, but this is tedious and messy operation. It can |^e 
1 got much more readily, and with sufficient accuracy for 
practical purposes, by means of a Twaddell hycVomc^ter. 
I^ven»the^ it is by no^neans easy unle*^ the tar is warmed to 
make the tar more fluid. The authors find that a tempera- 
ture of 120"’ F. is suitable, making an addition of 1 degree 
Tw. for ever^ 10° F.»abovc 00° F. An illustratrot> of this 
hydrometer is shov n^in Vol. I., also the maTiner iji whifVi 
degree^ Tjv.* are converted into specific gravity figures. 

A metal hydrometer (mckel plated copper or nitk^l silvpr) 
is preferable to one n:yide*of glass, Jpecause of the rough usage 
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it is pliable to receive. It sl^juld be noted that the specific 
gravity of a tar is not by itself a sufficient indication of the 
II til it V of 'the tar. " ‘ 

Vyitfi regard to the viscosity of tar, the ordinary methods 
of yiscometry^ which dojiend chiefly on fneasuring the rate of 
flow of the fliiids (oils, etc.) through an orifice of standard 
size, are not suitable. An instrument very similar to a 
hydrometer is gsed, and its rate of penetratioir in the tar 
betw^een definite points on the stem of the instrument is taken 
as a measure of the viscosity of the tar, and carefully manipu- 
lated^ gives results sufficiently accurate for practical purposes. 
Several tests should be made, and the mean result taken. 
Temperature is a most important factor, and the test should 
be made at hO'’ V, Naturally the viscosity decreases with 
rise in temperature, and vice versa. 



CHAPTER VIII 


BENZOL 


The ^erm “Benzol” as applied to coking pr«actice is used 
in a ratlier indiscriminate manner. Certain definite chemical 
cory pounds, each with decided characteristics, enter info its 
composition, but in general we may look upon benzol as 
a mixture of compounds of the aromatic series of*the general 
formula C^H^n-o. associated with certain impurities. 'Phe 
compounds of importance in benzol are : — 


Main products 


/Ben.'ene 

C,;!!,; — Boiling point, 

Toluene 

CTL 

1 Ortho-xylene 

if 

1 Meta-xylene 


1 Para-xj«Jene 

Cgllio * )> 

\ Propyl-benzene C„Hj 2 „ 


80-r/ c. 
IIO'O” c. 
U2‘(r c. 
i.'iy-o* c. 
i;f8-o^ c. 
1G0*0“.C. 


Jmpurities 


(^Carbon disulphide CS.,. 

Thiophene 


Thio'tolene 

C,H,S. 

Paraffins 

Cn Hon + 2* 

Phenols 

CJI.>„-7H0. 

1 Pyridine 

c,h;n. 

Naphthalene 

CioHg. 

Creosot^e oil. 

^Cumarone and other resinous matters. 


i he general scheme of benzol recovery may be#flivided 
int© th^ ibflowing headftigs : — 

{a) Extraction of a complex mixture of aromartc hydro- 
carbons and.asWiated impurities by trealijng the 
gas with solvents of higher boiling p(5int. 

{d) Ex^ 3 ulsion of this mixture from the 's(jlvent by 
regulated heat tnegtment. 

VOL. U.— 6 81 
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Preliminary fractionrtion into gr6ups of compounds 
according to the respective boiling points. 
Chemical treatment of the various Ractions. 

,(e) Redistillation and careful fractionation of , the 
chemically treated products. » 


With reference to the first heading, the crude products 
could be extracted by cooling the gas to a very low tempera- 
ture whilst subjecting it to a high pressure, but owing to the 
relatively smaH proportion of benzol vapours in the ^as, and 
consequently the large volume of gas to be thus treated, 
this "'process is too costly to work under ordinary circum- 
stances, and the method usually adopted is to scrub the gas 
with an absorbent The a[)paratus used may be of the tower 
type, rotary type, centrifugal type, or intensive spray type, 
which have already been described in the chapter dealing 
with ammonia recovery. P'or absorption purposes blast 
furnace creosote may be used, but whilst it has an advantage 
in being free from naphthalene, there is a risk of the benzol 
produced being contaminated with [)araffin compounds, an 
important point in t^enzol required for nitrating purposes and 
aniline manufacture. 

I'hc great majority of plants use some form of. coal tar 
oil as a scrubbing agent, creosote being generally preferred. 
The quality of the oil used is of the highest importance, and 
periodical tests should be made to ensure a requisite standard 
being maintained. A good wash oil should be fluid, free from 
water, light oils, and naphthalene as far as possible, and af 
satisfactory distillation test and specific gravity. A good 
specification for a suitable oil would be : — - 

Specific gravity : — 1*02 to TOf). Retort test with bulb of 
thermometer in the liquid : — No distillate below 200° C.', 70 to 
90 per cent, between 200° and 300" (y. The distidate up to 
300° on cooling to 10° C. should not show more than 7 per 
cent, of .'lolids. The writer would prefer a wash oil with a 
distilkVc'up to 300° C. approaching the lower limit given, as 
Vnis allows a certain proportion of anthracene ‘or “green” oil 
to be introduced. This tends to bring about a cleaner 
separation of the crude benzol at a later stage, whilst the 
viscosity of the oil, though thereby increased, does not 
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seriously affect the working of the plant. As to the anfounl 
of wash oil circ^Iategl, figures of 50 to 120 gals., of jfash 
oil per ton of coal have been given, the writers’ experience 
being in favour of 90 gals, of oil circulated pe^r ton of coal, 
ihe benzolized oil containing about 3 per cent, of crude 
benzol. A portion of the wash oil should be removed from 
circulation from time to time and replaced by fresh oil, as 
the oil tends to thicken, with a decided Acterioratic*n in 
absorbing power. The wash oil is usually circulated through 
two or three scrubbers in series, and in the opposite direction 
to ^Jie flow of gas, the final gas being treated with the de- 
benzolized oil, which thus absorbs the benzol in stages, and 
after circwlating through the system, passes to thc*distillation 
plant as benzolized oil. The extraction of benzol from the 
enriched oil depends- mainly on the application pf heat. Thus 
it could be readily driven off in a pot still by an open*fire, 
and in fact a tar dehydrating [)lant has been successfully 
used for this purpose. In dealing with the comparatively 
large volume of benzolized oil obtained at an average coke 
plant, a continuous process of distillation i*, preferred, enclosed 
and open steam being the heating agent in this case. ^The 
hot debenzol ized oil after satisfactory cooljng is reused is 
the scrubber, thus completing the circuit. The, hot benzol 
^’apours, excess of steam, and debenzoli/ed oil carry away 
considerable heat from the ,still proper, and a modern plant 
aims at the recovery of as much of this “spent” heat as 
I^JSsible, transferring it by^m(?ans of preheaters to the incoming 
‘saturated” oil. The principle of one type pf modern de-,* 
benzolizing and absorption plant is shown in diagram form 
'll Fig. 42. Wash *oil is pumped from the scrubbers tcT 
?levat(»d store tanks, from whence it flows by gravity throu^^i 
:he debenzoliztng system. In this type^thc oil is prftfie^Aed 
n t4ire(?* stages, first by^eans of hot debenzolized oil in the 
leater A, secondly by hot benzol vapours anrl excels steam 
n B, thirdly by enclosed stGuim coils in the heater C. ^T^he oil, 
leated to about 110 ’ Ct passes into the main ^till D, c 
itructed on^the principle of an ammonia still, and pjssin^over 
iuccessiv(> tfays, is agitated thoroughly by steam adgnitted in 
he lower part, and the benzok^ expelled. This agitation with’ 
)pen steam is necessary if w^ wi.sh to Strip the oil satisfactorily 
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but at the same time the tendency for the more volatile 
products t« carry forward a portion of the heavier oil is 
increased, and iif adeWtion to the lii^diter products aw ap^^ieci- 
ablg j)ro[)ortion of creosote oil and naphth.ilene pass Torward. 
Accordingly a fractionating column K is attacl^icd to restrict 
•the passage of these mixed vapours, and by atmospheric 
cooling to selcictivcl)' condense some of the higher boiling 
products. ^ The ascending vapours are made to bubble 
through the descending condensate, and the se{)arati()Fi of 
the products is rendered more complete. ^ The vapours 
leaving this column pass through the condens(.‘r heater B, 
anfl arc finally condensed in the water-cooled condenser (i. 
The mixture of water and crude benzol passes to the 
separate* II, in which the water is siphoned (^ff from the 
bottom, whilst the crude benzol is run off from the top to 
the store tank. The hot debenzolized oil^from D passes 
through the preheater A, and is finally cooled by a* \fatcr- 
cooled system of piping at L, passing thence to the absorf)tion 
system. 

The above diagram is given to .show the general j:)rinci[)le, 
but*the fey^cs of cruck benzol plants in Vogue vary consider- 
^ably as to the relative disposition of the .several units. ^Thus 
in some case’s, instead of an atmospherically cooled columr>K, 
a multittibular cooler is superimposed, cold h^^nZjOlized oil 
flowing round the outside of the tubes, and regulating the 
. tvnperature of the vapours pa.ssing through. In some cases 
^the incoming oil is preheated by benzol vapours only, whilst^ 
* sonx^times a separate stom heater is disj^ensed Vjth, in which 
case a somewhat larger main still i.s^used witii endosed steam 
coils in some or all^of the tray sections. Again the preheater, 
^ condenser, and separator may be superimposed.# It is im- 
I)ort5nt in the working of a crude benzol plant that ajurngnia 
be sa|isfrg:torily remo^’ed before the c\^iry of the gas* int® the* 
b*enzol scrubbers. If not completely removed, any water in 
the wash oil absorbs the ammonia compounds #which •tare 
decomposed in the ^stefe'm preheater, the liberated acids 
attacking th? heating* coiks, more especially i^ the latter 
of wroug^ht# iron or steel. The writer has kne^wn f:ases in 
which cast-iron ♦coils have been destroyed in a few weeks, 
a solid deposit in the heat^Sf indicating a corrosion due mainly 
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to the tormation ot iron suipiYcie. 1 He evn may be mitigated 
somewhat by keeping the water content of the oil at its 
lowi^it limit, a final heating of the oil \Sy a Closed steam' coil 
in close* proximity to the open steam jets being sometimes 
advantageous, in this respect. In alb cases heating coils 
should be arranged to permit of easy access for examination'’ 
or removal. A perforated heating coil gives ase to a sudden 
increase in the amount of open steam, with a .consequent 
printing of the still, or a sudden reduction in the distillation 
test indicatingra higher proportion of heavier products y:arried 
over mechanically. If not remedied immediately, there is 
a risk of water passing into the oil, and the corrosion wotlld 
be intensified. At some works crude benzol only is pro- 
duced, and io avoid carri.age by rail of an undue proportion 
of wash oil in the benzol, a distillation test is usually stipulated, 
a very common, specification requiring a distillate of 65 per 
cent.' when heated in a retort to C. If the crude product 
is to be worked up at the coke plant, this test is not necessary, 
and it is usually an advantage to work the crude benzol 
plant to give a benzol of lower distillation test, often as low 
as 50 per cent, at 120’ C. The after-t/catment of the crude 
benzql is dependent on the class of products sought. In a^ 
few cases it is spjit up into products each of certain range 
of distillation, but without chemical treatment'. More 
commonly it is rectified by distillation and chemical treat- 
ment, and split up into products in which benzene, toluene, 
/md xylene predominate respectively. These .semi-pure^ 
products in Ather ckscs arc further rhemically treated and 
fr?^tionally'di.stilkM to form products more or less approxi- 
mately to the definite chemical compounds: benzene, Cgllg; 
toluene, C 7 H 3 ; xylene, etc. The majority of benzol 

plants aim at the production of products of the following 
.dcsigJiatibn and distill^ition test : — ^ ♦h ,, 

90 per cent, benzol - 90 per cent, distilling over between 80° and 100 ° C. 
90 per cent. Coliiol - 90 „ „ ' ^ 100° and T20° C. 

Sc^vent naphtha^ -90 „ „ y, and 160° C. 

Heavy nitphtha -90 „ „ „ 160,° ar?id 190° C. 

The above may be “ washed ”‘'br “unwashed” products, 
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but usually the tormer. l^efcJre the war me loiiowing 
specijicatiorf was also in vogue : — 

^ f 

50-90 percent, benzol - 50 per cent, at 100° C, 90 per cent a4 1- 1' C. 
And occasionally pur.e products were sought of specification.'^ 
Tnore or less approximately to : — 

Pure benzene - 95 per cent, distilling over within -8° C. (now within -5“). 
Pure toluene - 95 „ „ „ ‘8° ( ,, 'h"). 

Pure xylene - 95 „ „ „ 5 to 4 5° C. 

The above tests are made on a retort with the thermometer 
im^nersed in the liquid about three-eighths of an inch •from 
the bottom (sec later). The following tests are conducted in 
distillation flasks with side outlet, the bulb of the tjiermomcter 
being in the path of the vapour just below the side tube, and 

are in accordance w<th requirements under pre.scnt condition.s. 

• 

Standard benzol - - At least 95 per cent, at 90° C. • * 

Toluol - - - 90 per cent, between 100° and 117° C. 

Solvent naphtha - - 90 „ „ 180° and 160° C. 

The first stage in the treatment of the crude benzei consists 
of a’prelfr^inary distiflation, the main object being to scpfiratc 
ithe bulk of the wash oil and naphthalene. ‘The whole the 
more vol|itile products may be ‘‘blown ovc»” in a prelimiinfry 
still into one collecting tank, and the blown-c^vey product, 
consisting of a mixture of benzol, toluol, and solvent naphtha, 
■afterwards treated with sulphuric acid and caustic soda 
dn a special washer. Thf washed product may then bc\ 
fractionated into the Respective washecl proctycts, benzol, 
toluol, etc. The more common practice h to* exercise ‘-a 
certain degree of /ractionati(Ui in the blowing over stage, 
splitting up the crude benzol into unwashed 9§ per cent. , 
benzol, tolufil, and solvent naphtha fractions, etc.. These 
pj'odUf ts Rire then sej^rately washed, «ind since the prftpor-* 
tions of wa.shing media vary considerably for these fracti(jns, 
more efficient and economical wa.shing is obtained. The 
washed proc^cts are ^then redistilled with a mcfrc\ or less 
severe fractionation act:ording to the specificatR)n aimed atf 
Th^ federal scheme of a benzol rectification plant is 
shown in ¥lg. 4^. The still A is charged with crodp benzol ^ 
from .the tanks 1 and 2, a^uJ is gracjually heated by dry steam 
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at C, passing through a series of tubes adapted for eaj^v 
removal irf case of repairs, etc., the pressure being maintained 
by a steam trap. Tfie first vapours expelled from* the ‘rrude 
benzol contain a high proportion of carbon disul{)fiidp, and 
rise through the fractionating column F. and the dcpbleg- 
mating section F. The latter section consists of a multi- 
tubular cooler, water passing round the outside of a series 
of tubes, the ben/ol vapours, etc., rising uj)\vards through the 
tubes. By regulating the flow of the cooling water a pirtial 
condensation of the vapours is brought about, only the most 
volatile compounds being allowed to pass. The vapours 
passing the section F arc completely condensed in a condenser 
G passing through a visible overflow arrangement to any 
desired store tank 3, 4, or 5. In most cases the “first runnings” 
are isolated to rcdycc the proportion of carbon disulphide in 
the “blown-over” benzol. The products eif higher boiling 
point selectively condensed in F pass back into the* column 
E, and in their descent scrub out of the ascending mi.Kture 
of vapours a considerable proportion of the particles of 
higher boiling liquids carried forward mechanically. In due 
coarse Tl^e first runnftigs arc ex[)clled, and the temperature of 
the stjll is allowed to rise, the products iiow coming away 
containing a large proportion of benzoiie, and giving* on 
condensation an unwashed product in tank suitable for 
working up into washed lltO [)er cent, benzol. When a dis- 
tillation test of the condensate from G gives the necassary 
. indication the temperature of the still is allowed to rise st^lt 
fufther, the quantity of water flowing through u being at the 
same time checked so as to allow the tefnperiture to iVse, 
permitting the p;jssage of higher boiling products. These 
on condensation give a liquid in which toluene pfedorninates,. 
and which then diverted to the tank 4 for siibsequent 
jvort^in^ up into wgshed 90 per cofit. toluol. Similarly ^ 
naphtha fraction is next driven off, but in this case the 
temperature of the cnclo.sed steam is not high enough,* and 
open steam^ is admitted, the mechanical action *a‘V>i^sting in 
the expulsion of thT^ naphthas. OccasionS^lly the stiM is 
work(^ViiTder a vacuum. Simultaneously thi water is cut 
off entirely from F, and the condensed product* passes to 5^ 
to.be worked up later t(^ solvent ^nd heavy naphtha. After 
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R»J. DEMPSTER' jJMITED. 

Fig. 4,^. —Primary Fractionating Still. ^ (R. &J. Dempster, Limited.) 



* riNAL TRACTIONATING STIUC ^ 

R»J. DEMPSTER LIMITED. 

Fig. 45.— Final Fractionating Still. (R. & J. Dempsicr, Limiicd.) 
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a little experience with any particular make of crude benzol 
a good indication of the change-over ‘’points for these respec- 
tive products may be obtained by allowing A certain volume 
of each product to come over before changing on to the next 
fraction, dlie residue left in the still, consists mainly of 
naphthalene and wash oil, and is run to a cooling tank N in'’ 
which, after cooling, naphthalene is deposited and removed by 
filtration, the clear oil passing to the wash oil s^ore tanks. 
The crude products in 2, 4, or 5 are individually pumped to 
the washer ll by means of the pum[) r. The washer consists 
of a lead-lined cylinder fitted with an agitating device. Here 
the product is washed by sulphuric acid, water, caustic soda, 
etc. Pyridine bases combine with the sulphuric acid, whilst 
phenolic bodies, olefines and unsaturated hydrocarbons form 
with the acid thick resinous substances which sink to the 
bottom. A por^joi^ <'>f the thiophene is also removed. The 
duratio'ii of the agitation [leriod, amount of acid and soda 
used, number of washings, etc., varies considerably with the 
quality of the crude products, scarcely two plants working 
under sipiilar conditions. 'I'he following may, however, be 
given as an approxinTatc guide : — 

‘ 1. Wash one hour with 4 per cent, by weight of 
sul[)huiic acid, 108’ Tw. 

2. ivest one hour, and run off acid. 

3. Wash one hour with 3 per cent, sulphuric acid 

as above. 

4. Rest one hour and run off acid carefully. 

5. Gently wash the sides of the washer with water 

without agitation, and run off. 

6. Wash with water twenty minutes with gentle 

agitation, and run off after one hour’s rest. 

Wash with 1 per cent, caustic soda, 40“ Tw., half 
an hour. “ * 

8. Rest one hour ; run off 

9. Wash with water as before. 

, The washer is fitted with a conical sviapcd bottom to allow 
the acid, etc., ^o be separated to the last drop. The thick spent 
acid is collected in tank I, in which it is agitated by live 
stchm. This brings about ^ sepaiOiLion of the hydrocarbons, 
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partly by evaporation and partly by coagulation into a scuiji 
which ma)^ be retnoved in J by filtration, the filtered acid in 
some cases being us^d in the sulphate house. I'hc wAshed 
products are conducted to the find rectifying still n, the 
treatment there bchig on lines simdar to tiiosc oblai]u’ng 
fn the primary still A. • 

The fractic^iation, however, is more drastic, a taller column 
being used, as well as a se[).irate and larger dephlegmator 
K. .The still is worked more c.uefully, especially ip the 
viciniiy of the change-over points. The washed products 
pass into tanks 0, 10 and 11 as washed 00 per cent, l^en/.ol, 
oS per cent, toluol, 90 per cent, solvent naphtha, etc., and 
from thje nee, after a certain amount of mixing,^ if necessaiy, 




1’ (G. 46. — ^SecUon of Fr.iclion.iUng Fig 47. — .Sct'lion ot Fractionating 

(A)luiiin ('oluiiii , 

to meet the re(]uired specification, are conducted to the tank 
^agon M. Tank G represents one or more reserve tanj^s to 
facilitate the reworking# up of doubtful [)roducts due 
prfming, etc. • * ^ 

If pure procUicts (boiling within 'S’ C* etc.) are dcsited, 
more- prolonged .tcid washing is necessary, and a further 
redj^stillation, greater care being exercised in controlling tlu^ 

’ temperature and rate of distillation. The fra^tiomiting^, 
^oluQms^used in coreioction with berftol recovery are iTsimlfy 
of the perforated plate ty[)C (Eig. 40), or of the bubbling hood 
type (Fig. 47). The plate type consists of a series c»f perforated 
plates as sjjown, di[i-pipcs and cups being fittf^d; to allow ' 
.the condensed liquids to flow back to the stilf. The dip-i#ipcs 
are ^o as to maintain a certain depth oftliquid on each 
plate, and the ° ascending gases are well distritruted by thg 
perforation^ in the p’at(is. 
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The bubble type is desigiT-ed on the lines of an ammonia 
still, and may be readily understood from the drawing. 

The dephlcgmator or analyser may be of the vertical 
multitubular type, as already dcscribcfl, in some cases having 
water outlets at different levels to assist in controlling the 
temperature. 

Another ty[)e of analyser consists of a seizes of enlarge- 
nents of the vapour pijje fittefl horizontally in a w;;tc‘'-cooled 
ank., Water enters and flows through the apparatus in the 
•pposite direction to the vapour, so that the vapours farthest 
rom ^the still arc in contact with the coldest water. Any 
iquids condensing in these enlargements are run back into 
he column at different levels, the first condensate being 
.dmitted nearer the base of the column, the last condensate, 
onsisting of more volatile products, re-entering the column 
learer the top. • 

Inl-Hc processes of rectification described an intermittent 
'rinciple is adopted, but the continuous method is followed 
y the (.a)ke Oven Construction Co. The Solvay column 
sed consists of a number of superim[K)se(l compartments 
ontaining hoods immersed a fair deptl'i in the h^giid. Oil 
s fed continuously into a compartment near the top. of the 
olumn and passes downwards, steam admitted at the 
lottom bubbluig through the several baths of liquid in 
he various compartments. The volume o'l liquid in the 
olumn and the {juantit}' of feed are considerable enough to 
:iinimisc any variations in the ratr, temperature, or boiling 
foint of the fqed, and the results generally are less dependent 
'll the skill of the operator. The greater depth of liquid 
11 each tray brings about a more effective ,fractionation. To 
fbtain two fractions one column may be mounted on top 
)f arother, the continuous feed then passing th^'ough both, 
,nd uie fractionated /vapours from .'^ach coluimi being 
eparatcly dealt with. The capacity of a column may be 
ncreased bj' adding more compartments, whilst low boiling 
mpuritics iliay be eliminated by isolati»>g the vapours from 

^'-The J'vectification of henzol,” W. Newton Drew, Midland Inst. 
f Mining, Civiljiind Mech. Eng. , also “Some Economic Cons de 'ilions 
n Coke Oven d^raclice,” W. Colquhoun, Trans. Inst. lYItn. Eng , Vol. b6, 
ip. (U-00. ’ 
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several of the top* compartments of the 90 per cent, benzol* 
column. % 

The laborat(5ry v>ork in connection with a benzol plant 
is iJighly important. In the first place, the wash oW j^nould 
be periodically examined and the efficiency of the scrubbers 
•ascertained. The latter presents a certain amoont of difficulty, 
as the volume, of benzol vapours, etc., present in the gas 
is a very small proportion of the total (often not more than 
1 per cent.). The total amount of benzol recoverable may 
be estimated, by utilising a creosote absorption .system on 
a small scale. Thus immediately before entering the benzol 
sefubbers a measured volume of the gas should be p!issed 
through a train of wash bottles, sufficient gas being dealt 
with to •give a quantity of benzol large enough to be able 
to establish its identity by a .subsequent distillation test. 
On an average abhut 50 cub. ft. of gas \^ill be required. 
The train of washing apparatus consists of a prelinfinary 
bottle containing dilute sulphuric acid to remove ammonia 
followed by four wash bottles each containing preparec 
creosote, glass beads also being introduced to inejease th 
contact ♦surface. Th * creosote used should be quite fluic 
free from^ naphthalene, and should be previously distille( 
up to ’200°* C., rejecting the distillate. The rate of liov 
of the ^as should be kept as uniform as possible, dividec 
over a period of, say, forty-eight hours. The total amoun 
^f creosote u.sed would be about 2 litres, and shpuld b 
changed about every eight hours, approximately 100, 10(5, 65 
and 65 c.c. being put, in che respective bottl(*s each, time 
We thus obtain 2 litres of a benzolized oil, a^id fo^ a com[]llrt 
test this must Be subjected to a distillation to .200^ C. (ii 
several portions if the apparatus is not large enc^ggh). Thi 
<Iistl11ates are totalled and can now be treated in one fjask 
distUling, u{* to ISO'’ C. The prodi^t coming o\^r 
fkis temperature is carefully measured, and tl en subjectec 
to the usual crude benzol test, the volume then beiijg correctec 
to its equivalent of benr.ol, testing 65 per cent, .at^ 120'’ C 
The above process ii> somewhat tedious, and is only i^ec 
occasionally to test the efficiency of the plant. For com 
parative purpo.se^ much smaller quantities are used.^nd thougl 
not as reliable, serve to inftkeate any serious drop in efficierfey 
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, Tests may be conductecj on the gases after tHe benzol 
scrubbers, but here the difficulty is Emphasised owing to the 
' still smaller proportion of benzol. In this case the amount of 
benzol I'ecovcred is too small to be reliably identified, and the 
test undpr good conditions can only be considered compara- 
tive of daily results at any* 
one plant, and consequently 
all the details of working, 
such as rate of flow of gas, * 
nature and quantity »f ab- 
sorbing oil, method and rate 
of distillation, etc., should ^e 
kept on a uniform system. 

Crude benzol is generally 
tested in an ordinary 8 oz. 
retort, the bulb of the ther- 
mometer being fixed about 
I of an inch from the bottom. 

A convenient arrangement of 
distilling flask and condenser, 
etc., giving similar result‘d as 
used by the authors, is shown ^ 
in Fig. 49. Occasionally it 
is desired to ascertain the 
probable yield of semi-pure 
and pure products from crud^ , 
benzol. Whilst laboratory 
methods usually deal \/ith 
quantities rather small for 
comparison with results on a 

Fig. 49,1-Bert.ol Distilling Apparatus, manufacturing scale, a general 
^ ' idea of the yield" and nature 

of. the products may be obtained. Th^ authors h?ve foun^ 
the following method most convenient for that purpose. 

The crpde benzol is distilled in a flask with a side outlet 
up to 200'" <r., and the residue measured and classed as wash 
oik naphthalene, etc. The distillate is then washed with strong 
sulphurib acifl three times, waler twice, caustic soda once, and 
finally with water twice. After separation of water the washed 
' product is dried by suspending a little calcium chloride, and 




removing me same; ^vncn me Dcij^zui clears, me wasneo aivi, 
dried [)rodu^t is then transferred to <i distillation flash, in this 
case "fitted with ^n adapter consisting of a glass tube aiVait 
<S in|long, ] of an in. in diameter, and fitted with a* simple 
bulb about H in. diaipctcr. Near the top of this adapter, an 
outlet tube is fitted and connected to a suitable condenser, 
fi.xed vertically, for convenience. A thermometer is intro- 
duced with the bulb half an inch below the-side outlet. With 
an adapter of this description a slight fractionation of the 
vapour\occurs,, giving products which correspond fairly satis- 
factorily with yields on a works scale. The distillates at 100'’, 
1201^,.] 60' arc collected, measured, and classed as 00 {)er cent, 
benzol, 00 per cent, toluol and solvent na|)htha respectively, 
the rcsidift:; in the flask being considered as heavy naphtha. 
Details of an actual test are given below*— 400 c.c. crude 
benzol (testing 60 pet* cent, at 120' C.) distilletl in two lots to 
200^' C. 

I)istilkitc = 248 c.c. 

Residue = 62 c.c. - Cieosotc, etc. 12 per cent. 

• 

24(S c.c. ^vaslied with ^cid, .soda, etc., gAve 200 cc washed 
product. ?>oss on washing, OS c.c., or 14 0 per cent. oj| the 
dnij'nal Sample. ^ • 

200 c.c* distilled in two lots g.ive : — » ^ 


Up to ion'’ C. - 216 c.c , or at per cent, on original sample. 

•lOU to 120" C. - 42c.c., orlOo „ „ „ 

120° to lOO” C. - 21-c.c.^or 6 0 „ , , if 

Rd^idue - - 8 e.c, or 2*0 „ „ - „ 


The final anal)^is thus reads : 


* . ,04) per cent, benzol - - - 510 per cent. 

90 toluol - - - 10 a . 

^ ^plvtftit naphtha • 60 „ 

Heavy ftiphtha - - - 2 (> „ 

Cieosote, etc. - - - ' - 12*0 „ • 

Loss on ^’ashing , * - - 14'5 „ ; 

• • 

■ It is a^i advantage to carry^ out a few distillatiofi tests 
to secu^sTiffi’cient^of each fraction to test in comparison with 
well recognised products. •Thus the several curves may b’e 
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, % * > * * ' f ' 

^ (;om[)ared with those shown in Fi^, aO, which represent 
(listTllation curves of washed 00 per-cent. benzol^^oO per cent 
benzol, «00 [)cr cent, toluol, and sGilveht naphtha. The 
proaudis from the quantitative tests should agree fairl^ well 
with thpse curves. 

To estimate the proportion of pure product, a more 

TEMPEKATMS - CE«T • 


80 9 d too no no /id /Ad /so 'i60 /lo 



Fig. 50. — Distillation Curves of Benzol, etc. 


elfiborate procedure is necessary, and after several triaVs \Vith, 
l;^.^^hod^ advocated ^^by various observers, tne ^writf.r has 
found an adaptation of the scheme described by Etfwar'ds ^ 
wipll suited for this purpose. Details of a test carried out ' 
by the .writer on these principles aje given below : — 

' t * ^ 

** 400 c.c. crude benzol (from the ^same store tank as the 

f ‘ or 

* ti. 

^ “ The -Estimation of Benzene and Toluene in Gommercial Mixtures ” 
A. Edwards , of Soc Chem. 10, 687. 
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previous test) were* distilled in ^\vo lots in a iiasK fitted \vy.l) 
a 12 bulb column up to a temperature of IMO' ( ' 

Distillate - - - - ;}-t0 ca\ (x\), 

Residue - - - . (iOr.c. (B), 

(A) Redistilled in*sanie apparatus to I b')” C. / 

Distillate - - - :{llcr. (C). 

Residufc - - - - 'Jll r.V. (D). 

(C) 1. ^Vashed thice tunes with sulpluirie id (1 SI), using • 
• T) per cent, by volume each time, and shaking for 

\\vo, five, and five minutes respectively. 

2. Gently washed with water. 

3. ^\'ashed with (Miislic soda and water. 

4. Dried with calcium (diloride. 

« 

(R) Result— 200 e.c. washed and diied pioduei. 

l,oss --2f (•<;, or () \)('v ('I'nt. on o.igmai sample. 

(E) fdactionated in same ap[)aiatus; — 


1. 

UptoFo (J. 

- 12F e.c. 

2. 

S,')'" to 0(1' 

- 97 <'.c. 

3. 

to 110-7" 

20 ( .c. 

4. 

110 7' to 125“ 

- 20 c.c.' 

•5. 

Residue * 

- 1 3 c.c. 


1. I\^^ra( tkmati'd to HO'2^ gave .i:; e.c. “First runnings,” 05 qx. 
to No. 2. • , ^ 

3. Refractionatyd to 110-7' gave 15 c.c. to No. 2, *11 c to 
No. 5. 

* 4. Refractionated to 110 7" gave 11 c.c. to No. 2, 12 c.c*. tf\ 
No. 5. 

1 ^ 0 . 2 and No. 5 notVcfraclionatcd, but augmic*ntcd by the 
above distillates ariid residues, givings — 


33 c.c, — Fust runnings 

4 ! 24 -c.c. — No. 2, consisting of a mixture of benzene and tbliK^ne. 
3t) c.c. — M). 5, consisting of a mi.xture of toluene ancKyle-jt;^ , 

I ^ . 

The proportion of bcMizcne and toluene in. No 2 is found 


by ascertaining the boiling point of the mi.xture iti a boilhig 
point apparatus fitted wiPh a reflux condenser as^sljown in 
the original paper. Vhis will range between FO 2" and 
110-7° C.,*tii€ boiling p<aints of benzene and toh^ene resjicc- 
tively. **From thfi boiling point of the No. 2 fraetton, whicji 
was found to be 82-0° C., ffte proportions were read off from 
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»iri:rvc constructed from daja in the paper, showing 84 per 
cent, benzene and IG per cent toluene, or calculated on the 
vokdne of the mixture (‘^21 c.c,), a prfiporhon of 185-G c.c. 
bcn/(,‘nG*^and .‘hVl c c. toluene. On similar lines No. 5 |ave 
2(yr^ c c.. toluene and OsG c.c. xylene. • These two results, 
totalled, gave the following analysis : — • ' 

G.'l c.'c.-— hirst runnings, or 8-2 per cent.*on original. 

185T) e.c.' -IR'iizenc, or 4G*4 per cent, on original. 

♦ Gl’Gc.r. -'roliiene, or 15-5 ,, ,, 

9 '5 c.c. -Xylene, or 2 t ,, * 

ddie'two residues R and 1) were totalled and flistilled«.to 
1 90” C., giving 8t c.c. naphthas, or 8 5 per cent., and 52 c c. 


cia^osote, onl‘)() per cent, on ori< 
analysis would thus be given as ; - 

;inal sam 

[)lc, 

The final 

Pirsl runnings 

- *■ 8-2 

per 

cent. 

^ ' benzene - 

- 40-4 


,, 

'roluene - 

- 15 5 


.j 

Xylene 

- 2-4 


o 

^Solvent iiiul heavy naphtha 

8-5 


n 

Creosote oil *■ 

- 13-0 


5 J , 

, Loss on washing - 

- 6-0 




' It is often of importance to know the amount of carbon 
disulphide iy benzol, especially if the latter is for' nitration 
pur[)Oscs, Probably the best methi'id depends upon the 
formation of pi^tassium xanthatc by the interaction of the 
carbon disulphide and alcoholic jaotassium hydroxide. The 
xanthatc m^y then'be dealt with in several ways — f 

{(i) Titration, after solution in water ajyJ acidifying, with 
a standard solution of copper » ulphate. 

f 

b) Addition of an excess of copper sulphate to &n 
' acidified a^^u^^^^s solution of the xknthatc, ^filtra- 
tion, washing, and ignition of the prcciplitated 
xanthatc to cupric oxide, which is weighed. 

e);The aqueous solution treSte^ with ^)otassium hy- 
droxide and bromine, b)'*^ which means all the 
yulphur is oxidised to sulphate. This E^urecipi- 
^ tated in the form of barium sulphate by adding 
an excess of barium'^’^chl.oride to the acidified 
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solution. The Hi-SO, is filtered off, \v^slx‘(J, 
‘ignit'^'d, and weii^hed as such. The reaction which^ 
takes place in the formation of the xan*t[ia^e is as 
follows — 

CS, + C.H*HO + KHO = KC ^ ^ 

The alcohejic potassium hydroxide is nnuje by dissolving 
11 gm. of potassium hydroxide in 00 gnr. of absolute alcohol. 
The standard .solution of co[)per sulphate contains lli 47o gm. 
of.tho crystaWi dissolved in distilled water and niiide up to a 
volume of 1 litre. ^ 

• 1 c.c. of this solution is equivalent to -0070 gm. of carbon 
disulphide. 

In making a test, 00 gm. of ben/ol ao' mixed with an 
equal weight of the alcoholic potassium hydroxide. The 
mixture is allow'ed*to react for seveial hom^s w'ith occasional 
shaking. The xanthate will separate in the form of ^'cllow 
needles. These are dissolved out by shaking with water in 
a separating funnel several times, the a{|ueous exlraits thin 
obtained being u.sed for the* copi)er titration, a<ier bein^ 
acidified with acetic .*cid. 

If tlie giavi metric method (d) is adapted the j^jueoin 
extract of'tlie xanthate is acidified with ^icctic acid, and ai 
excess of copi)er sulphate added, the precipitc^ted cupric 
xanthate, CuC.^WgCCOjSo, being filtered off, etc., and weighec 
Anally as cupric oxide, with thci usual precautions. • ^ 

The amount of carboy disulphide in 90 per cent. benz(^ 
averages from 1 to d p(*r cent * \ 

Since other sulphur compounds are libuall;^ present' ii 
benzol, in additu);i to carbon disulphide, it i.‘f scanetime' 
desirable to determine the total sulphur. Iiv doing Hiis *th( 
•general principle is to burn a weighed cpiantity of tl^e b®nzo 
in a^^mail lamp, witl^^yi ample air s^ipply. In burninff^th^ 
sulphur compounds become converted into,sul{)hur dioxide. 
This may be dealt with in several ways : — , 

(a) Absorption in *acid or in alkaline .sedfttions of 
bromine, vvhereby the sulphur is Turther.oxidfsed 
’to sulphate, and is finally weighed as barium 
sulphate, aftcy^ precipitation with an excess, o^ 
barium c Wo ride. 



102 MODERN CODING PRACVICE 

, t (d) Absorption in an ,-Hmmoniacal "atmosphere, with 

final oxidation t^^ sulphate 
either by bromine water or 
a little hydrogen peroxide, 'also 
finally weighing as barium 
sul[)hatc. The ammonia may 
be sujiplicd by- placing a few 
pieces of ammonium carbonate 
round the bin ncr. 

In any case, the combustion of 
the oil must not be too rapid. .A 
very small flame is rccpiired, and the 
process usually extends over several 
hours. A convenient type of appar- 
atus for this pu.'pose is shown in 
hd‘g. 51. In testing for thiophene 
(C'^II^S), 2 c.c. ben/ol are agitated 
with 20 cc. of a mercurial solution, 
consisting of 1 gm. HgO dissolved 
in 4 c.c. concentrated sulphuric acid, 
and diluted to 20 c.c. ' 

The mixture is thep heated on ' 
Fik. .->1 a boiling Water balli for o ie hour. 

Tot.il Suijihui inTen/ol, etc. R is then coolcd ipul filtered, the 
preci[)itate washed with hot water^ 
dried a{ 110° to 115° C., and weighed. 

Weight X -0758 = ITiophene. 




CHAPTKR IX 

SURPLUS POWER, ETC. 

A’CONSTDERABLE amount of energy may be (icrivccl from a 
iT^pdcrn coke plant, and even after dediictmL; the reciuirenumts 
of the plant itself in the form of power to drive the dis- 
integrators, rams, charges, (,‘xhausters, etc., and* in the foim 
of steam for the sulphate pkmt, ben/ol plant, etc., there is, 
as a rule, a surphis*for external pin poses. According to the 
tyj)e of oven, this energy may be derived Trom heal, 

surplus gas, or from a combination of the two. In the case 
of a waste heat 'oven the bulk of the pow'cr must necessarily 
be deriveef from steam, a relatively small proportion of the 
power being obtained from surplus In utilising the 

was^e heat the efficiency of the (a) boiler plant and (/f) [)ower 
plant is in many ca^es influenced by factoVs indcpeiuVmt of 
the w'orlsing of the coke i)lant. The tyj^e of boiler, prime 
mover, quality of water, etc., exercise effects w'hihh may be 
looked upon as a constant. Considerable imi)rovement has 
?)een effected in recent years by replacing compound engine's 
and inefficient boilers with ^leam turbines^multitpbulai* boilers, 
water softening plants, 'etc., and still more recenfjy the trans- 
mission of Heat ira)m the spent products of combustion to the 
water has received considerable attention witfi benefiCftial* 
i^suit«. Whereas at one time a regenerative oven producing* 
power by means of internal combustion engineer *haT an * 
i|dvxw\ta^ over a w%ste heat plant* using steam for diis • 
purpose, developments in the generation alid utilisation of 
steam have somewdiat levelled up the comparisoij, and tliere 
is little to oiioose between the two schemes^ at th« present 
moment. Seeing that an appreciable amount of i^teain is 
requi»sdlin*the by-product .section, many desigfiers prefer to 
use steam also* for po\^^r production to secure unifocm* 
working of the plant general, the surplus gas bein^,^ burnt 
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under the boilers to aii^meut the effect of the waste heat. 
In many cases j^as has been burnt for thi^^, purpose witjiout. 
any serious re^^'u-d for efficiency, and the method of ii|tro- 
ducin.jj spare gas into boilers through open pipes or badly 
designed' liiinsen burners is to be deprec7ited from the stand- 
point of national economy. In the majority of cases the 
waste heat is CDuducted to the boiler tubes by special brick- 
lined connections, preferably in the form of bends adapted 
for Cnisy removal for cleaning purposes and repairs. Fig. 52 
is an illustration of a suitable type for Lancashire boilers 
(VV. jd. Holmes & Co., Huddersfield). Bun.sen burn^s 



adapted for use with coke oven gas may be fitted to these 
tubes as shewn. A considerable voiume of air is required 
in these burners, approximately five times volume of gas 
anb it is usually admitted in two stage.s, primary air neai 
, the gas inldc, and secondary air at the outlet of the mixing 
tube Two types of burners for coke oven ga; arc shown 
Fi^ad, Terbcck burnd. (Coke Oven' Machinery Cb , 7'wick 
enham), and Fig. 54 (Cumberland Burner Co., Maryport) 
In each case gas is admitted at A, primary air at u, the tw( 
passing through the mixing chamber l\ secondary air bein^ 
supplied at c. ' Variations in the pressure of gas affect tht 
proportions of gas and air considerably, occasionally *givin^ 
.t-ise to back firing or extinguishing of the flame. In the 
latter case there is risk of explosion in the boiler flues unless 
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• V . , ’ 

as in the case sliown^in Fi^.,55, the CDinbustion chan^ber 
^is maintaiwed ^nt ignition temperature by waste licat , 
governor to controf the pressure is an advantage', ^nd iii‘* 
th(r case of boilers heated by gas alone a diaphragm of ^ 
chequered brickwork* in the tubes, after becoming incAndc^ent, 
is useful in maintaining ignition of tlie gaseous mixture, 
but the openings in this diaphragm should be large enough 

to avoid undue restriction of the draught on the ovens. 

^ • 

Another method is to maintain a pilot light or a small fire 
oiT a special Jratc. Even with well designed Bunsen burners, 
however, the thermal efficiency i^ not entirely satisfactory, 
largely due to the existence of a film of gas in contact with 
the boiEr tube. This gas film is not a good .conductor of 



• ^ 

Fig. 54 . — Burner Coke Oven (las. (luinheikind Huiinr ('o , Mar)jj(nl 

^eat, and in many cases the tubes arc too large to Iransii-^it 
heat satisfactorily. I'he •researches of Jh'ofessor Bone on 
surTace combustion hctve been of consider<ib1(t importance 
in this respect, .^nd the results of these fesearches aiipHed 
on a working sca?le to boilers specially desigifcd for coku 
©vey.gas or waste heat have given rise to a* remarkable^ 
‘increase in (iificiency. As a rule the efficicncy.of ^a*gas*fired^«* 
J^oilar, uiTder ordinal^’ Conditions is iTirely above GO pcr**cl‘n4^„ 
but actual working tests on a Bonecourt liDiler have shown 
an efficiency of 92*7 per cent. In this type of boiler rising ^ 
surplus gas ^F'ig. 55,»Jfo*nccourt Waste Heat Boileft Co.), the 
.gas is subdivided into a numbp of streams, and ajprrg ^^ith 
aboui' it) per cent, excess of air is drawn \jf an exhaust 
fan through a s’eries of ^re tubes, each filled wilh special!}* 
shaped blo':ks of rtffractory m^vtcrial (shown in detail in 
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Fig. f'O) of ample surface a^^apted to bc(!:’oine incandescent. 

, ,The combu.stiblc mixture sweeps over incandescent; 
\ 8urfac,cs^and, by contact therewith, burns by surface epm- 
' busti(m at a highly accelerated rate. The heat is rapidly 
trairimittcd by radiation, and owing to this rapidity of 
combustion and transmission the tubes arc much shorteV 
tlian in ordinary boiler practice. 'I’o cope V'ilh the high 
rate of evaporatwn, the exhauster is used to create: a suction 
u|) W) U) in of water. At a ten-hour steam trial with 



' Ii'm,. .')() -UcfracliT) 1' illint^ for Tu1k‘s of Hotiecoiul Holler. 

a Hor.ecourt boder and fced-w«iter heater the Tollowing 
lesulls are (juoted ^ ^ ' 

('alorific value'of gas - * rilOso P.'l h U. (neO per cub. ft. 

(las liiirnt (N.'r. I*.) - - 101 ,sr)3 cul). ft’. 

Water eva[)oiate<l, fiom and at 

lilli' 1<. - - - 19,^i;>nhs. 

Kv.ipoialion per sijuare foot of « ■' 

< heating surfacd 14’1 lbs. per hour. • 

'reiiij)erature%of prodiu ts leaving 

' hoifcr , - - - K. ; 11)C“ C. 

^ * 'IVin^peiature of products leaving 

^‘icdVitcr heater - 9 1 C. ® ^ 

K ^ m ^ ^ ^ i 

' Kkucikncv - percent. • 

'I'he waste heat boiler of the s.ime lirni is designed on 
‘ similar lines, except that no burnei% iy'c neces^ar)', and the 
suedon re(|uired is much less 'afjout 2 tn water gauge above 
the reejuirements of the ovens). In dealing with a regpifrative 

^ ' '“Howard Lectures on Surface Ctv' bustion,” Ptof. Bone, Royal 
Soc. of Arts, 1914. 
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type of coke oven* an entirely HitTcrent set of circumsgiii«(‘!i 
arises. Firit the absence of available wa^te heat renders the 
ii.scrf)f steam engines as prime movers optional, giving a »^hoice ^ 
of tnree systems of utilising the surplus gas, as ■ — 

(rf) Lighting. 

(d) Power from internal combustion engines. 

(f) Power trom ste<im. ^ ' 

Wjth regard to the first method, the composil 



A CALORIFIC VAt.UE, . 

B CANOut POWLR 
C % ME THANE 
D* HYDROGEN 
£ > YLLUMtNANTD 

. Fig. :)7.-V ari.ition in ( '<)injK>siti()n of Coke v./vrn u.is. 

• 

gns Vom*any individuiil oven varies^consioer.ioiy irom in^ 
beginning to the end of a charge. Fig 57 shows the gr.idual 
change in composition, and it will lx: seen that 'tlit: gas from 
the first halfgjf the Ci^king |x:rio(l is much richer tlian that 
from the second halfTanrl 1^>' jtaking the rich gas ^^throifgh 
sc|)atak:SmAins and by-product plant there wf^ld be little 
difficulty in sup[Tlying ga^to meet the required st«1ndard, l.uJti 
in the writer^s opinioi* a«(nodern joke plant in a rea.soinble 
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^str'ite of re[)air could produce an average ^as suitable for the 
conditions of ^as li^duin^ likely to obtain jp tho' future^ Iq 
addition,' the removal of benzol brings 'about an apprecmble 
dimiyiition in the content of carbon bisulphide in the^gas. 
Siiv:e tlv.' gre('d majority of towns in this'*country have already^ 
good gas plants, the field for lighting with coke oven gas 
aj)pears to be f:onfmed to replacing a jiortioii '’only of the gas • 
now being madi.; at any individual gas works, and the writer 
suggests that th(‘ purification and distribution of th.e gas * 
should be h'ft to the gas uoiks as p.irt of their'^^eneral schdme 
in that respect Some coke oven erecting firms (Kop[)cis, Silicon 
('arves, Otto, etc ) have piitcnted means wherein' the ovens 
may be heated b\’ prodiuer gas if dc'sired. In this case the 
whole of the coke oven gas is available for lighting and other 
[)urposes, whilst the producer g.is may by generated from an 
inferior fuel, muJuding as such the coke bie(V,e of the plant. 
The flesign of the Hues is modifual to .idmit .i greater propor- 
tion of gas to <iir (L t(j 1 as against 1 to a w'ith coke oven gas), 
and means are provitled for piehe.iting the {)ro(!ucer gas in 
the regcfierative system .is well as the air. 

In a few inst.mces in connection \(ith ovens .ijt'achid to 
iron ('Jnd steel jrf.ints, blast furnace gas has been introduced# 
info the oven fluev with succc'ss, incie.ising thi' .imount of coke 
oven gas .avhil.ible for use in the steel worlss, sine-lting and 
heating fuinaci's, etc. If an outlet for surplus gas for lighting 
or heating purj)oses is not .nailable, then the g.is must be used 
for the production of power by means of gas or steam engines, 
In th'e latti'f c.istg if stc.un tuibir.es .md boilers of the 
llonecourt type 'aie used, the waiter sees reason why the 

addition.al ‘‘expense of icgenei.itors should be incurred. 

^ iMigincers- in this country have had much more e.xtended 
ex[)‘riencc in ste.im pl.ints than m g.is engine, iilants, whilst 
^hi^eveise is the case ni the Contmert., There the* large gr.s 
engine using col e oven g.is is moie popular, and the special 
diflwuUics, m dealing with .i rich g.is with a high hydrogen 
content ,h;Vve been oveicome. In ^gci;eral. thg compression 
pri>ssure has be'en reduced (often to beftiw 100 lbs per sq. in ), 
and in many, cases the gas is diluted with blast hicha^r gas, 

, producer gas, or even exhaust gases. More .ecently the heat 
of the exhaust has been turned to good effect by passing it 
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through a inultitub;ilar boiler coiipknl lo*a strain tnibnu'. the* 
b »iler .ictiiK^ an effictivc snoncer .is well as inatemfl)* 
fiKTtra^'ing tnc O^cr-ail efllcicncy of the [^lant. A gas-lmlder - 
caj);;^blc of carrying o\er [)ossible shoit stoppages on <h(* eoke 
plant is an advantage^ and a purifying s\ '.tein. whilst leinoving 
iwiy likelihood of corrosu)n in the v.iKes, etc . also si'i. ures’the 
sulphur in a f^rin capable of being leadily coiucrlcil to a 
valuable commodity, sulphunc acid. 
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Fig nS shows an examp'': of a llnlish ty[)e of ^gas I'lrpne 
\^orkjyg on oke oven gas fNation.d (ias Icngmc (^) , /^shton 
iindcr-Lyne).# This engine is of the viTtical totallv «nLl*»':^f 
t/[)c*Jiavitig two uj) U) mx cranks m e^ch s(‘t according tn*‘ih^ 
si/,e of the engine, the cyhnderv i)em'f arr;iniged in tandeir 
fashion and o[)erating on the four cycle or ‘'()Uo* {)rinc^()Ie 
Thus a l.dOOili II V s'*t wV)uld h.ive four cranks, w illi^a stroke 
of 24 in and working at 200 revolutions {>er miniitt; 
utili^^gja ^‘crtical type of engine a considerabli* economy it 
floor space is effected, whilst the arrangement f)f rnultij^k 
cylinders bryigs aboivt aii exceptionally even turning movC' 






ii(t Modern wring I’RAOTice < 

‘mcMit. Tlic should be supplied tOt the engine under 
prcss'urc (from 1 to in. df wateri-above atmosphere). It 

» shoi'Jd be free from dust, but a “ dusty condition i.^^not 
likely t^ arise in coking practice. It should be practically 
free Irom tar, and should not contain, more than 0'2 gm. 
sulphur j)er cubic metre. The quality of the cooling wat«r* 
and of the oil for lubrication is also an irpportant factor. 
Del.iils of a test on a National gas engine working on coke 
oven gas are given below: — 



l ull L(».ui. 

I fair Load. 

0 

( ias tfinper^iturc - . - - 

IH -y (’. 

11)3^:. 

{ las jircssurc 

IPPJ.) in. 

P125 in. 

(las iis(‘(l per H 1 1 P hour 

23 (ul). ft. 

21 () cub. ft. 

('aloiilic power ot gas (gross) - 

IhS 

525 

(Jal(,\riri(' power gas (net) 

120 

I7.S 

H. rii.U. per nil P. hour 


11,770 

1 1 P. tluTiual eifu h lu y - 

2t;-i 

2L() 

Water used per hour 

2,^50 galls. 

;M<>0 galls. 

Tola! HJI P. .... 

530 

2SG 
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scicnfiiric control of a coke plant the loinpositnMi of 
the ^as fiorn the mens and of thi* waste leases. s,i\-. at the 
cftimne)', should he periodically ascertained, and fnt this 
purpose the -authors have found the apparatus desi^med h\' 
Mr Stcjfd to he \ery suitable fh'ij; ;"!)} * 

The reservoir on the left of the diagram contains ineicuiy, 
and this is connecthd with the eudiometer <yid hwi'llini; tulx- 
l)y means of the U-shaped joint. I'he eudiometer or •tife.isur- 
in^ tube is {rraduated in millimetres, ,m<l has platinum wires 
fused throy^di the upper portit>n for the cx()losion of ^.isisuis 
mixtures. The tul)e of the eudiometer is drawn (^it at the 
top, to* a bore of jilK)ut ’> mm, aiul is connei l(‘d to a 
three-armed capillary tufKp to which three ,ahsorption\vess(‘ls 
may Ik ai\Achcd (onl)' one is shown in, the ii|^ure}. d he 
capillarv^ tulx; is also extended the lipdit^ ayd throu|^h 
this the sample of p^as is t,iken into the (‘udioineter It will 
, 'Jae seen that by raisinp^ the mercury reset vriir, h)' means ol 
a cord holdinp^ a countc|weipdit and passing over pulle/s, 
the»mercury will flow uito the eudiomet(?r, andf the tap being 
opened, any gas or air in the tube will be c('#nplet^ly expelled. 
The gas sample, oj- bottle containing the samplt^of ^as, may^ 
now be attached to the end of the capillary tij)e, and* by 
-rowtfrmg the^ mercury reservoir any desired vojume, m^y l)e 
cjrawn i’^to the eiujic^netcr for anajysis, and the tajf^.hl^ 
oT. By means of the levelling tube llu? jjressure is kept 
constant, since it is open to the atmosphere ayd also, by 
fncans of a ^vatcr jacket round the eudiometer shown 
in the figure), the temperature is constant, thus avoifjing 
correc^irnistotherwise necessary.* The gas, after ynea^urement, 
is [Jassed into th^ various tubes connected to the 4hree-arme(| 
piece containing varif^us^*?tbsorbcnts. It will be readily seen 
m 
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that the gases may be transferred from one absoihmg vC'^seJ 
back to thc,eiid^ometer*for measurement, and then into oilier 
*abv*rhents as desired, by manipulating the mercury re^nAoir.* 
In ^n analysis of oven gas the following wtaihf l^e the 
procedure : — 

Take a measured quantity of ga>, say'about lid') e.c., 
into the eudiometer, measuring c,irefull\' witji the mercury 
at the same level in the eudiometer and icv^-llmg tube , then 
pass /)vcr into one of the absorbing vessels containipii a 
sokitiftn of pJitassium hydrate, leaving it sc\ei.il minutus 
in contact ; then pass back into the eudiometer for me.i^uri' 
ment. The diminution in volume is due to the absoij)- 
tion of carbbn dioxide. The gas is then passetl into 
fuming sul{)huric acid or bromiiu^ solution, wlmh absmb 
olefines and benzenes, but before final measuiement any 
va[X)urs of sulphur trioxide or bromine most be got rid of 
by passing over into tiic potash vessel. The next alfsArbent 
Used is an alkaline solution of jiyiogalhc .icid (']i)'rogal!.it(‘ 
of soda), wiiich takes uj) oxyge^i, and finally eupioiis chloride 
is used to absorb the carbonic oxide. An extra nbsorbing 
vessel readily Ik* attached to one of the thrt'e arms, or 
^detached to lie replaced by any special, absorbents 1 he 
remaimng '^ases now consist of marshy gas or melhane, 
hydrogen, and nitrogen. To determine the tw(f fi^imer, thc^y 
arc mixed with A certain volume of air and an electric sparj< 
’"passed across the platinum wires in the eudiomek'r. , 
this means the inethaiu; becomes converted into carbon 
dioxide and water, aiuUthc hydrogen lx.'d’omes ^;ater. •I'here 
is a contraction^ in volume after explosioiif and ^his is c'jrte- 
fully measured, agd then the mixture is passed* iyto thc^ 
^tas.^ium hydrate to absorb the carbon dioxide, which* i.s^ 
measured by^thc diminution in volume after several jnit^ites’ 
c^nlj^ct. »It is advi-^lje to take alx^it 20 to 2;") c.c. (TTg-’y 
Ibr e*xplosion after removal of carlx)nic .oxide, etc., by 
absorbents, and dilute w'ith atx)ut 200 c.c. of^aij; free from 
carbon dioxi^le. If JX)*gcn be used the cx[d(Ai<^n would 
be violent enough to* burst the eudiometer.^ 'I'lie melh^ncA, 
whej^:{pl®dcd w'ith air, form^ its owm voluigc oT carbon 
dioxide, hence the last absorption represents tho volume o^ 
methane present. Hut i/T exj)lo<iing. methane reouircs twice 

VO!.. 11.— 8 
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jts volume of oxygen. Therefore by taking twice the volume 
of carbon dioxide formed from th<l total contraction, the 
' diffeVence is the contraction due to the explosion of^he 
hydrdgeb, and two-thirds of this contraction is du<^ to 
hydrogen. 

The nitrogen is alwa)'s estimated by difference. The* 
calorific value^ of coke oven gas may be calculated from 
the results of the a’oovc anal)'sis on the basis shown in the 
table on p. uH, Vol. I , with results fairly concordant with 
those arrived at by experiment. At the <'?.me time Jlhe 
tendency in statutory conditions appears to be inclined 
towards the adojition of a calorific standaid, and an instrument 
for determining the caloiific power of a gas is almost a 
necessity on a well-conducted coke i)lant. Model n insiruments 
are usually of the “ Ilow ” t\’[)C in which a measured (quantity 
of gas is burnt^ and the heat transfeired to a siippl)- of 
water ilowing through the instrument at a uniform rate. 
iM'oin the diffeience in the temperatures of the inlet and 
outlet water the calorific power is estimated. 

h'ig. ,fiO shows the principle of the Junker calorimeter. 
The gas, aftiT passing <i governor to en"ure a stisid)’ pressure, 
is bur it in the IViiisen burner K, and the heated products of 
combustion rise iy the chamber A and descend" by way of a 
series of vertical tubes H suriounded by the water flowing 
through the instrument, d'he i.ite of flow of the water is 
regulat*‘d by the (piadrant t<ip K, and a constant head ie 
secured b)' the overllow .irrangcmeiU at I). Condensation 
products ma\ be collected at ll and mt^isurcd. The apparatus 
is enclosed ai an diir jacket (i to minimise the effects of radia- 
tion. The damper c; assists considerabl)' m biinging down 
the tcm[)er,ature of the products of combustion to a point only 
a fe'v (,legiccs abo\e atmospheric tempeiature. 'Fhe thef- 
jTior.etcrs shown give the tempeiature, of the water at the 
inlet and outlet, but in latter types these thermometers are 
brought to ojic level to assist in the reading. The gas is 
ignited, aiid after allowing the instiument some t^mc to ensure 
a (lirly umfornf flow of gas and wate^, and having adjusted 
the gas Mow^Jo a rate of about 0 or 7 cub. ft. [>er liour, the 
reading of . the meter is taken, and simultareously the water 
leaving the calorimeter is directed \o a measuring jar. After 
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burning the reqifTVed quantity ^ot gas (.say about ’a cyb.#l't»; 
the final r«acliij<^ of the meter is taken, and 1)\' means of a 
swivel bend the w.fter is diveited from llie measining jar.y 



During the burning of the gas jx^riodical readings *f the v?ater 
thermometer# arc tak»n,*and the average rise m teu^peraturc 
noted. Then from tPiesc data^ we may calculate ^he, gfos^ 
caloi^ftc lvalue of the gas. If we wish to asewtain the net 
calorific value the water of condensation must bb collecttjci 
It is. found more conveni«nt to us(; the metric system in these 
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experiments, and the result ,niay afterwards be readily con- 
verted from calories per cubic metre, etc.,,, to B.Th.U. per^ 
cubic foot' ‘ 

An example of an actual test is given below : — 

Volume of gas burnt - - - , - 6,500 c.c. , 

Temperature of gas . - - - 22° C. 

Pressure of gas ^ - - - 780 mm. 

Corrected volume of gas : — 

780 273 ' 

6500 X X = 6170 c.c. or *218 cub. ft. 


Water passed through calorimeter - - 2,770 c.c. 

Water of condensation collected . - 3 c.c. 

Temperature of water at inlet - - - 19*45° C. 

Temperature of water at outlet (average) _ - 29*20’ C. 

Rise in tempemture of water - - - 9*75° C. 

The total heat produced is : — 


2*770 x 9*75 = 27*0075 cals. Less heat represented by the 
3 c.c. of %ater condensed = 3 x *6 = 1 *8 cals. 

(*6 cal. = latent heat of steam + sensible heat in coplingTrom 
100° Cl to outlet temperature of gas per c.c. of water.) 

* The gross calorific value is • - 27*0075 -r *218 or 123*9. 

, The net cUlorific value is - (27*0075 - T8)-r *218 or 115*6, 

Calories per cubic feet. To convert to B.Th.U. multiply by 
2*96, giving : — 

Gross calodfic value - - 490*5 B.Th.U. per cub. ft.'> 

Net calorific v^lue - - 457*7 B.Th.U. per cub. ft. 

In fhe Boys calorimeter a smaller volume of water is in 
the apparatus at any particular moment, the water Powing 
thro'jgh'two spiral copper tubes gilled with wre to assist in 
.-ifiie^abstraction of heatTrom the test'Tlt.me. Two'-lumhious 
flames from special jets are u.sed. The instrument is very 
conlpact and convenient, the thermometers being at one 
level and ' the parts being easily ’ aqcessible . for cleaning, 
cetc. ,P'i^. 61 shows a recent type of recording calorimeter 
(Simmance’s Total Heat Calorimeter, Alexander V^r:ght & 
,Cp., VVcstitiinster). In view of the probabl-e trend of future 
Parliamentary conditions the instri’inent is designed to give 
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a continuous record of the total heat value in gross nei^i 
units, recofded^ at nofmal temperature and pressure, and 
reatuiring no corrcctten of any kind. An individual te^f carf 
be»made independent of the record, and means arc^pi'ovided 
for ensuring that the air supplied to the burner ,is always 
Saturated at cold 'water temperature, and ‘by means of a 
gravity governor variations in. specific gravity are automati- 
cally neutralised. 

Xhe control of the temperature at various parts of a coke 
plttnt^ is an •important factor. For the measurement of 
temperatures in the by-product section generally the mercury 
thermometer is a suitable instrument, but for the tempcditures 
obtaining in\he interior of the coke oven or coke oven flues, 
boiler flues, base of chimney, etc., other means arc adopted 
for ascertaining the temperature. One very ready and con- 
venient method is ?)y means of Seger’s coi^‘s or pyroscopcs. 
These are made of material consisting of silicates of^\*arying 
composition moulded into the form of tetrahedra or triangular 
pyramids.d By varying the ^proportions of the ingredients 
used in making the cones, it is possible to alter the te.^ipcraturc 
at wh^Ji they fuse.' There arc some fifty-eight different 
mixtures having melting points ranging»from oOO^i C. to 
IjSSC' C. By subjecting a few of these ^o the temperature 
the degree of which it is desired to estimate, ?md, noting the 
effect upon the^, it is easy to determine, quite accurately 
for all practical purpose’s, what the temperature vs. ^ The 
Watkin^ heat recorders* are based on somewhat similar 
priticiples. They consist of blocks ot' refratjory material 
with circular recesses sunk in the top face.* In these recesses 
are placed small pellets of fusible materials of ilc*finitc com- 
position and melting point, the latter having beei\determi*nec^ 
by means of^a standard electrical pyrometer. ^ , • 

, •^Vatliin’s heat ri?ci)rders may ba used by inserting on^ 
at the end of an iron tube, plaqng the tube inside the oven 
flue, etc., thro\igh an inspection hole, and carefplly sealing up 
with clay thg protruding* ends of the tube, as al?;o»the space 
round the outside of the tube at the ins[)ecTion hole. Aftqr 
a h^bfi|e minutes the tube may be withdrawp* the condition 
of the recorder* observed, and the temperature* determine^! 
accprdingly. ' In the,m^7^rity of cases electrical or radiation 
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pyrometers are used, the former being of the thermo-electric 
, or resistance type. Figs. 62 and 63 snow the principle of a 
' ^hermo-electric pyrometer of R. W. Paul, London. : 

The thermo-couple is made up of a platinum wire and 
a wire made from an alloy of platinum-iridium or platinum- 
rhodium. The wires are separated by a porcelain or quartz* 
tube P, surrounded by an outer tube Q, closed at one end. 
This somewhat delicate structure is then packed in a sheath 




Fig 62. — Principle ot Electric Pyrometer, 


of seamless steel tube S, asbestos twine A being loosely 
inserted .betvveen the tubes as shown. On subjecting the • 
^nd of the pyrometer ^containing th^ junction of, the ‘'wp 
dissimilar metals to the heat of the oven, etc., and connecting" 
the -loose ends to a special galvanometer, a difference of 
potential is set up, causing a current to flow, varying in 
strength according to the temperature difference between the 
ends. In thf type .shown the cold ends are wate.'-c^poled 
to minimise errors due to casual heating of these ends. '1 he 
galvanometer is calibrated to read'm degrees Centigrade or 
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Fahrenheit as desired, the range of these instrumtintS beingj* 

from 0° to J,100“, l,.30(f, or 1,650° C., according to the*t/pe 
ch(»en. The couple may be inserted in a coke oven'flue^* 
wa^e heat flue, boiler flue, or in the centre of a chtfrge, and ' 
may be combined with apparatus giving a continuous ii^ecord 
from which useful data as to the working of.*the pf int may 
be secured. Jiadiation pyrometers are suitable for higher 
temperatui;es, and since this action depends on the radiation 
emitted by a hot body, the instrument may be placed at a 



Fig. 63.— Elective Pyrometer. (R. W. Paul.) 


reasonable dist*u¥:e from the furnace, n<5 porlion of the 
instrument being actually in contact with the ’rteTited zone,, 
la Ua; Fi^ry pyrometer (Cambridge Scientific instrument, 
Co.) the heiJt rays are received on a concav® mi«-onf and 
ft)cu»5ved *on to a ^ifsitive thermo-touplc connected 'lo 
millivoltmcter calibrated to reach temperature directly. The 
radiation pyrometer of R. W. Paul dispenses with*a focussing 
device, usin^ a high^’ polished cone fitted^ at ont end of 
-a tube. The tube is pointed towards the hot body^ ^nchthe 
hec^^^fays *are reflected on to a sensitive thenmo-couple at 
the apex of th5 cone. Jl^he intensity of the Mbat rays^ igi 
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inversely ‘proportional to the square iof the aistance, 
bu'i since the area of the hot 'body included in the 
ang'Io covered by the instrument is directly proportional 
to the st.me dimension, the two factors balance each other, 
and the heat recorded is thus indepen4cnt of the distance. 
Radiation pyrometers may be conveniently used for ascertain- ' 
ing the temperatures of coke oven flues, or pf the interior 
of the ovens when empty. 



APPENDIX 


VOL. II. 

The use of b^izol as a motor spirit has been, recognised for 
some years, but in spite of strong effort op» the part of the 
pioneers it must be admitted that until recently it has scj^rcely * 
re«eiiHsd the JiUention it deserves. There is no doubt that in 
the earlier stages of development, variation in quality, due 
largely to lack of any recognised standard, has had an adverse 
effect, and, moreover, from the localised position of the centres 
of the (¥)king industry, the distribution of motor benzol has 
presented definite restrictions to any extended use. Its 
capabilities, howeve/, as compared with petrol, are now fairly 
well established, but seeing that the term beaizol is somewhat 
loosely applied, and may cover a variety of mixtures, a*c?bfinite 
standard of quality is necessary. The following specification 
is issued by the National Benjol Association, which includes 
in its memoership the great majority of the coke oven plants , 
of this^country. The, specification has* been carefully drawn 
up \o eover the needs of the automobile section of the 
I community, and has attained almost universal approval. 

1. Specific gravity: *870 to '885. » • 

2. Distillation test (by flask). Benzol .shall gsve,a distillate 
of not less than j*— . 

75 to 80 per cent at 100' C. 

90 per cgnt „ 120'" C. 

100 „ 12.TC. . 

3. Sulphur: the total sulphur shall not exceed 0'40*^er 

cent. , 

4. The benzol shall be entirely free from water. 

ff.'Colour: water white. 

6. Rectification test: 00 c.c, of the sample* slvif^enT with, ^ 
?0c.c, of^O per cenf. flilphuric acid Tor five minutes slioult!# 
not give more than a light browmcolour to the acid layer. 

7. Benzol shall be entirely free from acid^, ^Ikalis,* and 

sulphurettedjfiydrogen. • • • 

8. Benzol shall noi freeze until below 7^ ¥. (25' of fro‘=jf). ^ 

• » * • • 

1» The range in the specification is made as*vide as practic- 
able eo as not to curtail output unnecessarily. ^ 

2. A flask with sjde^ube is used with the bulb of the ther- 
haometer in the vapour. • 
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5. This test indicates the efficiency of thfS benzol washing -as 
regards removal of sulphur Gompouijds. ^The lighter 
the colour the better the sample* ' ‘ ^ * 

3. epure benzene freezes quite readily (about 40“ F.), and this 
tendency is neutralised by the inclusion of 10 to^ 20 
per /:ent. of toluol. 

The above quality of motor benzol is desi^qnated “ National 
Benzole," and the 4^sociation insists on its ffifembers main- 
taining its standard. National benzol gives more power 
than ordinary motor spirit (petrol) to the extent of about 
20 per cent. The calorific value of this ber^ol is sHghtly 
less than that of petrol if based on equal units of weight. 
If, however, we take the specific gravity of petrol and ben^l 
as '720 and '880 respectively, we find that owing to the greater 
weight of fuel in a gallon of benzol the calorific value based 
on terms of volume is decidedly in favour of benzol. Since 
these fuels are sold and used by volume, />., by the gallon, 
this is obviously- the more suitable comparison, and on an 
average the B.Th.U. represented by a gallon of “National 
Benzole" and petrol may be taken as 156,640 and 131,400 
respectively. The comparative analysis of these fuels is also 
' of importance. Petrol may he looked upon as a mixture of 
paraffins, hexane (C^jll,,). heptane (CMj ), octane (CgH.g), etc., 
and contains approximately 84 per cent, of carbon. ' Benzol, 
on the other hand, contains about 92 per cent, of carbon, and « 
on this basis a gallon of petrol and benzol contain 6T and 81* 
lbs. of carbon' respectively. To obtain the best results from 
benzol it is necessary to adjust the propcrtior.s of fuel and air 
for combustion to meet this extra carbon content, and in fact^ 
without this precaution the higher carbon content ’’ncreases 
the tendency to soot up. The adjustment may be effected 
by using an extra air valve, but it is tound more economical 
and more effective to reduce the jet. Some form of heating 
Jacket round the carburettor and induction pipe is also to be 
, recommended. In the majority of cases it will be found advaij- 
tagecus to increase the weight of the carburettor float by 
adding a small metal washer to count, f'rbalance the effec*^ of 
the higher specific gravity of benzol. Benzol and petrol may 
be mixed without disadvantage in any proportion, and in such 
, case the adjustments suggested must be made in the light 
of the rekitive proportions of these fueb' in the rrnxture. 

The latest examp’e of scientific progress in coking practice 
has an important bearing on the question of motor a^irit. 
Mr Ernest Bury, M.Sc., of Skinningrove, whose efforts in the 
early days of the by-product oven ifi the country to stimulate 
national interest in the scientific use of coal should be kept 
in mind, has recently added considerable emphasis to his 
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arguments by introducing, in collaboration with \lr O. 
Ollander, a^meyiod of ‘producing alcohol from the ethylene 
coi^tfent of coke oven gasd The theory of the process^nd' 
the chemical reactions are not entirely novel, but undoubtedly 
credit must be given for utilising academic principles and 
•^apting them to industrial practice on a coynmer<;ial stale. 
In principle the etnylene is absorbed in sulphuric acid, the 

* most suitable* Strength of acid and the temperatures for the 
chemical iieactions being arrived at ofily after long and 

‘ systematic research on these points. Xfie acid finally 
reocmmendetS js 95 per cent, sulphuric acid (R.O.V.),' and 
the temperature found most suitable is between 60° and 80° C. 
The ethylene is absorbed and the ethyl hydrogen sulphate 
produced is h}idrolysed by superheated steam giving off* alcohol 
and lea^ng the acid reduced in strength to ^4 per cent. 
A novel point is introduced by utilising the SOj produced 
in the hydrolysis and in the concentration of spent acid for 
the removal and recovery of sulphur from the coke oven 
gas thus, 2 ILS + SO 0 = 211^0 + 35, the sulphur, afteft con- 
version into sulphuric acid, being sufficient to meet the acid 
requirements of the plant. The principle of the scheme is 
shown diajrammatically in h'fg. Of. It will be noted that 
the gas^ freed from thj normal by-products as well a% sulphur 
and •moisture, is heated by means of a counter-current heat 

• exchanger. The heat for the reaction is secAired^and, further, 
the sensible heat in the final outlet gases augments the heat 
of combustion of the gas at the ovens, power plant, steel 
furnaces, etc. lihe /noisture is removed by contact of the 

^as with 80 per cent, sulphuric acid. 

The reactions may be summed up thus : — 

• 

• 1, Absorption of ethylene : — * 

H 28 O 4 = (ethyl hydrogen sulphattj, 

2. Hydrolysis and recovery of alcohol : — » « 

(alcohol) + HgSO; 

3, Recovery of sulphur : — 

*2H2S + S0^ = 2H.20 + 3S. 

Alcohol may be mixed witlf bcn7.ol in* any proporiion, 
^nd its boiling point being only 78’ C., an ^dynixturt of 
alcohol wouW tend tp reduce the temperature af vjhich the * 
motor spirit begins t(f vaporise, thus assistii% in the starring 
tjie ^engine, whilst its vbry low freezing poiTit*wouId 

* “The Fixation of Etliy|^e in Coke Oven Gas as Alcohol andji^ 

Derivatives,” JE. Bury, and O. Ollander, Dip. Ing., Cleveland 

Inst, of Engineers. Iron and Coal ^Trades Review^ 19th wind 26th 
December 1919. 



95 % f?o.v. 



Fig.®64.— Diagrammatic Sketch_^of Plant for Recovery of Alcohoi . 
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also be advantageous. A yield of 1*6 gals, of absolute ^Icojial 
j)er ton of c^oal j^as beeil obtained. 

^Erom this basis Mr Jiury gives the following statemei?! » i 



Ben/col (Jallons. 

» 

1 Alcohol Gallons. 

Coke ovens •*- 

30*0 millions 

1 

1 23*4 millions 

Gas, works (United Kingdom) - 

:it-0 „ 

1 

' 27*0 

1 

* * * » 

• 

64*0 millions 

' 50*4 millions 

t 

'^otal— 114*4 million gals, of motor spirit per ^nnum. 


The process at first glance appears intricate, and possibly 
difficulty would be experienced in adapting it j^o, some 
existing plants, but in the lay out of new plants, Mr Bury’s 
exposition should claim national as well as individual 
attention. I The advantages * in securing as much home 
manufactured spirit as possible will no doubt be ‘ntensified* 
during^t^ie next few “^ears, owing to tne development of the 
automobile industry, and also possibly ojwing to s|;iortage 
•in the»‘nat>ural supplies. * , 

The*Bonecourt boiler has undergone slighf modification 
in certain details. ^ The essential principle, as’ stated in 
.previous pages, is unaltered ; but the latest practice aims «at * 
*a longer boiler with smaller fire tubes, arranged in .ne^ts 
to allovAf convenient access for cleaning. The superheater 
and economiser are u-ju^lly arranged a;? sepaf^te units, but 
in line with the boiler, the whole forming an extreftiely 
compact and efdcient setting, as shown in ^jg. 65. If 
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desired, the superheater and economiser may be omitted, 
but in this case the packing of th^: tubes^ is designed to 
•me^ the conditions imposed by this arrangement. Fig/ 6S 



Fig. 66. — Bonecgurt Boiler at Coke Plant. 


shows a Bonecourt boiler installation at a coke plant. In 
this case thf boi[er is worked^ without superheater or 
ecoilomiser, but outlet temperatures (Waste gas) in the region 



yiG. 67. — Iron Packing for Bonerourt Boiler Tubes. 


w ^ c , 

of 200‘''^C. have been attained, accompanied by plmost 
theoretical proportions of carbon dioxide. With the srnkller 
tubes now in vogue, cast-iron spirals are substituted for the 
fireclay material (Fig. 67) ^showing a 'small section of this 
packing. 
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